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Description 

FIELD OF THE INVENTION AND RELATED ART 

5 The present invention relates to a liquid crystal composition used in a liquid crystal display device, a 
liquid crystal-optical shutter, etc., more particularly to a novel liquid crystal composition with improved 
responsiveness to an electric field and a liquid crystal device using the liquid crystal composition. 

Hitherto, liquid crystal devices have been used as an electro-optical device in various fields. Most liquid 
crystal devices which have been put into practice use TN (twisted nematic) type liquid crystals, as shown in 

10 "Voltage-Dependent Optica! Activity of a Twisted Nematic Liquid Crystal" by M. Schadt and W. Helfrich 
"Applied Physics Letters" Vol. 18. No. 4 (Feb. 15. 1971) pp. 127-128. 

These devices are based on the dielectric alignment effect of a liquid crystal and utilize an effect that 
the average molecular axis direction is directed to a specific direction in response to an applied electric 
field because of the dielectric anisotropy of liquid crystal molecules. It is said that the limit of response 

75 speed Is on the order of milli-seconds, which is too slow for many uses. On the other hand, a simple matrix 
system of driving is most promising for application to a large-area flat display in view of cost, productivity, 
etc., in combination. In the simple matrix system, an electrode arrangement wherein scanning electrodes 
and signal electrodes are arranged in a matrix, and for driving, a multiplex driving scheme is adopted 
wherein an address signal is sequentially, periodically and selectively applied to the scanning electrodes 

20 and prescribed data signals are selectively applied in parallel to the signal electrodes in synchronism with 
the address signal. 

When the above-mentioned TN-type liquid crystal is used in a device of such a driving system, a 
certain electric field is applied to regions where a scanning electrode is selected and signal electrodes are 
not selected or regions where a scanning electrode is not selected and a signal electrode is selected (which 

25 regions are so called "half-selected points"). If the difference between a voltage applied to the selected 
points and a voltage applied to the half-selected points is sufficiently large, and a voltage threshold level 
required for allowing liquid crystal molecules to be aligned or oriented perpendicular to an electric field is 
set to a value therebetween, display devices normally operate. However, In fact, as the number (N) of 
scanning lines increases, a time (duty ratio) during which an effective electric field is applied to one 

30 selected point when a whole image area (corresponding to one frame) is scanned decreases with a ratio of 
1/N. Accordingly, the larger the number of scanning lines are, the smaller is the voltage difference of an 
effective value applied to a selected point and non-selected points when scanning is repeatedly effected. As 
a result, this leads to unavoidable drawbacks of lowering of image contrast or occurrence of interference or 
crosstalk. These phenomena are regarded as essentially unavoidable problems appearing when a liquid 

35 crystal having no bistability (i.e. liquid crystal molecules are horizontally oriented with respect to the 
electrode surface as stable state and is vertically oriented with respect to the electrode surface only when 
an electric field is effectively applied) is driven (i.e. repeatedly scanned) by making use of a time storage 
effect. To overcome these drawbacks, the voltage averaging method, the two-frequency driving method, the 
multiple matrix method, etc. has been already proposed. However, any method is not sufficient to overcome 

40 the above-mentioned drawbacks. As a result, it is the present state that the development of large image 
area or high packaging density in respect to display elements is delayed because it is difficult to sufficiently 
increase the number of scanning lines. 

To overcome drawbacks with such prior art liquid crystal devices, the use of liquid crystal devices 
having bistability has been proposed by Clark and Lagerwall (e.g. Japanese Laid-Open Patent Appln. No. 

45 56-107216, U.S.P. No. 4367924, etc.). In this instance, as the liquid crystals having bistability. ferroelectric 
liquid crystals having chiral smectic C-phase (SmC") or H-phase (SmH*) are generally used. These liquid 
crystals have bistable states of first and second stable states with respect to an electric field applied 
thereto. Accordingly, as different from optical modulation devices in which the above-mentioned TN-type 
liquid crystals are used, the bistable liquid crystal molecules are oriented to first and second optically stable 

50 states with respect to one and the other electric field vectors, respectively. Further, this type of liquid crystal 
has a property (bistability) of assuming either one of the two stable states in response to an applied electric 
and retaining the resultant state in the absence of an electric field. 

In addition to the above-described characteristic of showing bistability, such a ferroelectric liquid crystal 
(hereinafter sometimes abbreviated as "FLC") has an excellent property, i.e., a high-speed responsiveness. 

55 This is because the spontaneous polarization of the ferroelectric liquid crystal and an applied electric field 
directly interact with each other to induce transition of orientation states. The resultant response speed is 
faster than the response speed due to the Interaction between dielectric anisotropy and an electric field by 
3 to 4 digits. 
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Thus, a ferroelectric liquid crystal potentially has very excellent characteristics, and by making use of 
these properties, it is possible to provide essential improvements to many of the above-mentioned problems 
with the conventional TN-type devices. Particularly, the application to a high-speed optical shutter and a 
display of a high density and a large picture is expected. 

5 A simple matrix display apparatus including a device comprising such a ferroelectric liquid crystal layer 
between a pair of substrates may be driven according to a driving method as disclosed in, e.g.. Japanese 
Laid-open Patent Applications Nos. 193426/1984. 193427/1984. 156046/1985 and 156047/1985. 

Figures 4A and 4B are waveform diagrams showing driving voltage waveforms adopted in driving a 
ferroelectric liquid crystal panel as an embodiment of the liquid crystal device according to the present 

10 invention. Figure 5 is a plan view of such a ferroelectric liquid crystal panel 51 having a matrix electrode 
structure. Referring to Figure 5, the panel 51 comprises scanning lines 52 and data lines 53 intersecting 
with the scanning lines. Each intersection comprises a ferroelectric liquid crystal disposed between a 
scanning line 52 and a data line 53 to form a pixel. 

Referring to Figure 4A. at Ss is shown a selection scanning signal waveform applied to a selected 

75 scanning line, at Sn is shown a non-selection scanning signal waveform applied to a non-selected scanning 
line, at Is is shown a selection data signal waveform (providing a black display state) applied to a selected 
data line, and at In is shown a non-selection data signal waveform applied to a non-selected data line. 
Further, at Is - Ss and In - Ss in the figure are shown voltage waveforms applied to pixels on a selected 
scanning line, whereby a pixel supplied with the voltage Is - Ss assumes a black display state and a pixel 

20 supplied with the voltage In - Ss assumes a white display state. Figure 4B shows a time-serial waveform 
used for providing a display state as shown in Figure 6. 

In the driving embodiment shown in Figures 4A and 4B, a minimum duration At of a single polarity 
voltage applied to a pixel on a selected scanning line corresponds to the period of a writing phase t2. and 
the period of a one-line clearing phase ti is set to 2At. 

25 The parameters Vg, V| and At in the driving waveforms shown in Figures 4A and 48 are determined 
depending on switching characteristics of a ferroelectric liquid crystal material used. 

Figure 7 shows a V - T characteristic, i.e., a change in transmittance T when a driving voltage denoted 
by (Vs + V|) is changed while a bias ratio as mentioned hereinbelow is kept constant. In this embodiment, 
the parameters are fixed at constant values of At = 50 us and a bias ratio V|/(V| + Vs) = 1/3. On the right 

30 side of Figure 7 is shown a result when the voltage (1n-Ss) shown in Rgure 4 is applied to a pixel 
concerned, and on the left side of Figure 7 is shown a result when the voltage (Is-Ss) is applied to a pixel 
concerned, respectively while increasing the voltage (Vs + V|). On both sides of the ordinate, the absolute 
value of the voltage (Vs + V|) is separately Indicated. Herein, a voltage Vi denotes the absolute value of 
(Vs + V|) required for switching from a white state to a black state by applying a voltage signal Vb^ shown in 

35 Figure 4A, a voltage V2 denotes the absolute value of (Vs + V,) required for switching (resetting) a black 
state to a white state by applying a voltage Vr at In - Ss. and a voltage V3 is the value of (Vs + V|) beyond 
which a pixel concerned written in white is unexpectedly inverted into a black state. In this instance, a 
relationship of V2 < Vi < Va holds. The voltage Vi may be referred to as a threshold voltage in actual drive 
and the voltage V3 may be referred to as a crosstalk voltage. Such a crosstalk voltage V3 is generally 

40 present in actual matrix drive of a ferroelectric liquid crystal device. In an actual drive, AV = (V3-V1) 
provides a range of jVs + Vij allowing a matrix drive and may be referred to as a (driving) voltage margin, 
which is preferably large enough. It is of course possible to increase the value of Vs and thus AV (= Va - 
Vi) by increasing the bias ratio (i.e., by causing the bias ratio to approach a unity). However, a large bias 
ratio corresponds to a large amplitude of a data signal and leads to an increase in flickering and a lower 

45 contrast, thus being undesirable in respect of image quality. According to our study, a bias ratio of about 
1/3 - 1/4 was practical. On the other hand, when the bias ratio is fixed, the voltage margin AV strongly 
depends on the switching characteristics of a liquid crystal material used, and it is needless to say that a 
liquid crystal material providing a large AV is very advantageous for matrix drive. 

The upper and lower limits of application voltages and a difference therebetween (driving voltage 

50 margin AV) by which selected pixels are written in two states of "black" and "white" and non-selected 
pixels can retain the written "black" and "white" states at a constant temperature as described above, vary 
depending on and are inherent to a particular liquid crystal material used. Further, the driving margin is 
deviated according to a change in environmental temperature, so that optimum driving voltages should be 
set in an actual display apparatus according to a liquid crystal material used and an environmental 

55 temperature. 

In a practical use, however, when the display area of a matrix display apparatus is enlarged, the 
differences in environmental conditions (such as temperature and cell gap between opposite electrodes) 
naturally increase, so that it becomes impossible to obtain a good quality of image over the entire display 
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area by using a liquid crystal material having a small driving voltage margin. 

On the other hand, it is known that the ferroelectric liquid crystal molecules under such non-helical 
conditions are disposed in succession so that their directors (longer molecular axes) are gradually twisted 
between the substrates and do not show a uniaxial orientation or alignment (i.e., in a splay alignment state). 
5 A problem in this case Is a low transmittance through the liquid crystal layer. 

Transmitted light Intensity I through a liquid crystal is given by the following equation with respect to the 
incident light intensity lo under cross nicols when the uniaxial alignment of the molecules is assumed: 

I = losin2(4ea)*sin2(7rAnd/X) (1), 

10 

wherein An denotes the refractive index anisotropy of the FLC; d, the cell thickness; X, the wavelength of 
the incident light; and ea, a half of the angle between two stable states (tilt angle). 

When a conventional FLC cell is used, it has been experimentally known that 9a is 5 - 8 degrees under 
a twisted alignment condition. The control of physical properties affecting the term Andir/X cannot be easily 

75 perlormed, so that it is desired to increase ea to increase I. However, this has not been successfully 
accomplished by only a static alignment technique. 

With respect to such a problem, it has been proposed to utilize a torque relating to a dielectric 
anisotropy Ac of an FLC (1983 SID report from AT & T; Japanese Laid-Open Patent Applns. 245142/1986. 
246722/1986. 246723/1986, 246724/1986, 249024^1986 and 249025/1986). More specifically, a liquid crystal 

20 molecule having a negative Ae tends to become parallel to the substrates under application of an electric 
field. By utilizing this property, if an effective value of AC electric field is applied even in a period other than 
switching, the above-mentioned twisted alignment is removed, so that ea is increased to provide an 
Increased transmittance (AC stabilization effect). A torque TPs acting on FLC molecules involved in 
switching of states and a torque VAe acting on FLC molecules relating to the AC stabilization effect are 

25 respectively proportional to physical properties as shown In the following formulas: 

FPsopPs-E (2) 

FAe 00 1/2 A€*€o*E2 (3) 

30 The above formula (3) apparently shows that the sign and absolute value of Ae of the FLC play an important 
role. 

Figure 8 attached hereto shows the change of Ba versus Vrms experimentally measured for 4 FLCs 
having different values of Ac. The measurement was conducted under application of AC rectangular pulses 
of 60 KHz so as to remove the influence of Ps- The curves (I) - (IV) correspond to the results obtained by 
35 using FLCs showing the following Ac values 

(1) A€«-5.5. (II) Ae«-3.0. 
(Ill) Ae = -0, (IV) A€«1.0. 

40 Qualitatively, the order of Ac was (I) < (H) < (III) < (IV). 

As is clear from the graph in Rgure 8, a larger negative value of Ac provides a large ea at a lower 
voltage and thus contributes to provision of an increased I. 

The transmittances obtained by using the liquid crystals (I) and (III) were 15 % for (I) and 6 % for (III) 
(under application of rectangular AC waveforms of 60 kHz and ±8 V), thus showing a clear difference. 
45 As is known from the above examples, the display characteristics of an SSFLC (Surface-Stabilized FLC) 
can be remarkably changed by controlling the properties relating to Ac and Ps- 

In order to provide a ferroelectric liquid crystal composition having a negatively large Ac. it is most 
effective to include a compound having a negative Ac with a large absolute value. For example, It is 
possible to obtain a compound having a negatively large Ac by introducing a halogen or cyano group in a 
50 shorter axis direction of a molecule or by introducing a heterocyclic skeleton In a molecule. 

The magnitude of Ac of a compound having a negative Ac substantially varies depending on the 
structure thereof. Some examples of such compounds are shown below: 
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CN 



F F 



I 

70 0 



75 



20 



5 < |£| < 10 



25 



30 



35 



40 



45 



CN CN 



l£| > 10 



CN CN 



R-^H^COO-^^-OCO-^H^R ' 



CN CN 



R-(h)-co-^-or' 



50 Herein, R and R' respectively denote an alkyi group. These nriay be classified roughly into three groups 
including compounds having a negatively small Ac (jAcj ^ 2), compounds having a negatively medium Ac (2 
< |A€| ^ 10) and compounds having a negatively large Ac (jAcj > 10). Among these, compounds having a 
lAcj of ^ 2 have little effect of increasing |Ae|. Compounds tiaving a |A€| of > 10 are very effective in 
increasing [Acj but those available heretofore are only dicyanohydroquinone derivatives. 

56 However, a dicyanohydroquinone derivative, while it has a large [Ac [-increasing effect, has a high 
viscosity, so that it is liable to degrade a switching characteristic when its content is increased. On the other 
hand, among the compounds having a medium [Acj (2 < |Ac| ^ 10). some compounds have a moderately 
low viscosity while their jAc|-increasing effect is somewhat lower than those having a large |Ac|. 
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From the above consideration, it is essential to select a compound having a negative anisotropy. 
preferably one having a |A€| of > 2. and mixing it with an appropriately selected other compound in a 
properly selected mixing ratio. 

5 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a chiral smectic liquid crystal composition having a 
large driving voltage margin adapted for providing a practical ferroelectric liquid crystal device and a wide 
driving voltage margin affording satisfactory drive of entire pixels even when some degree of temperature 
70 fluctuation is present over a display area comprising the pixels of a liquid crystal device. 

Another object of the present invention is to provide a liquid crystal composition further containing a 
mesomorphic compound having a negative dielectric anisotropy to show an AC stabilization effect providing 
remarkably improved display characteristics. 

A further object of the present invention is to provide a liquid crystal device using such a liquid crystal 
75 composition and showing improved driving and display characteristics. 

According to the present invention, there Is provided a ferroelectric chiral smectic liquid crystal 
composition, comprising 

at least one optically active compound represented by the following formula (I): 



wherein Ri and R2 respectively denote a linear or branched alkyi group having 1-18 carbon atoms 
capable of having a substituent. at least one of Ri and R2 being optically active; Xi denotes -0-, 
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0 0 



or 



35 



-0C0-; 



40 



and X2 denotes a single bond. -0-. 
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or 



50 



55 



-0C0-; 
J 

0 



and 



at least one compound represented by the following formula (II): 
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(II), 



5 



wherein R3 and R4 respectively denote a linear or branched optically Inactive alky I group having 1-18 
carbon atoms capable of having an alkoxy group of 1 - 12 carbon atonr^s; X3 and X* respectively denote a 
single bond. -0-, 



and m and n are respectively 0, 1 or 2 with proviso that both of m and n are not 0. 

According to the present invention, there is further provided a ferroelectric liquid crystal composition as 
described above further comprising a mesomorphic compound having a negative dielectric anisotropy, 
20 which is preferably one having a A« < -2, more preferably Ac < -5 , most preferably Ac < -10 . 

The present invention further provides a liquid crystal device comprising a pair of substrates and such a 
ferroelectric liquid crystal composition as described above disposed between the electrode plates. 

These and other objects, features and advantages of the present invention will become more apparent 
upon a consideration of the following description of the preferred embodiments of the present invention 
25 taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic sectional view of a liquid crystal display device using a ferroelectric liquid 
30 crystal; 

Figures 2 and 3 are schematic perspective views of a device cell embodiment for illustrating the 
operation principle of a ferroelectric liquid crystal device; 

Rgure 4A shows unit driving wavefomns used in an embodiment of the present Invention; Rgure 4B is 
time-serial waveforms comprising a succession of such unit waveforms; 
35 Figure 5 is a plan view of a ferroelectric liquid crystal panel having a matrix electrode structure; 

Figure 6 is an illustration of a display pattern obtained by an actual drive using the time-serial waveforms 
shown in Figure 48; 

Figure 7 is a V-T characteristic chart showing a change in transmittance under application of varying 
drive voltages; and 

40 Figure 8 is a graph showing changes in tilt angle $a versus effective voltage Vrms with respect to several 
ferroelectric liquid crystals having different values of dielectric anisotropy Ac. . 
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DETAILED DESCRIPTION OF THE INVENTION 



45 



Preferred examples of the optically active compounds represented by the above-mentioned general 
formula (I) may include those represented by the following formulas (l-a) to (l-l). 
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(1-c) 
(I-d) 
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R 



o 



^^1-0C^}<S>-C0R2 (I-h) 



0 0 



.N 



(I-i) 



0 o 



(I-l) 



In the above-formulas (l-a) - (I-l), Ri and R2 are the same as in the general formula (I). Preferred 
examples of Ri and R2 may include those of the following (I-i) to (l-iii). 
(I-i) Ri is an n-alkyl group, and R2 is 

I ^ 

-eCH2t^CH-R5, 

wherein s is 0 - 7 and R5 is a linear or branched alky! group, 
(l-ii) Ri is 

I ' 

-tCHj-hE- CH-Rg 

wherein t is 0 - 7 and Rs is a linear or branched alkyi group, R2 is an n-alkyl group. 
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(l-jji) Ri is 



I ^ 



and Ra is 



CH, 



wherein s and t are respectively 0 - 7, and f=l5 and Rs are respectively a linear or branched alkyi group. 
Furtherf preferred examples of the compounds represented by the above-mentioned general formula 
(II) may include those represented by the following formulas (ll-a) to (ll-e). 



(Il-a) 



R3-X3^©H^>X4-R4 (Il-b) 



(II-c) 



R3-X3-(gX§><&V^4-R 



(Il-e) 



In the formulas (ll-a) to (ll-e), R3, R+, Xa and X* are respectively the same as in the general formula (II). 
Prefenred examples of X3 and X4 may include the following combinations (ll-i) to (ll-viii): 
(ll-i) X3 is a single bond and is a single bond, 
(ll-ii) X3 is a single bond and is -0-, 
(ll-iii) X3 is a single bond and Xt is 

-OC 
II 

0, 
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(ll-iv) X3 is a single bond and Xa is 

-CO- 



(ll-v) X3 is -0- and X* is a single bond, 
(II-vl) X3 is -0- and X4 is -0-, 
10 (ll-vli) X3 is -0- and X4 is 

-OC- 
I 



(Il-viii) X3 is -O and X4 is 



20 




Further, preferred examples of R3 and FU in the formulas (ll-a) to (ll-e) may Include the following 
25 combinations (ll-ix) to (ll-xi): 

(ll-ix) R3 is an n-alkyi group and R4 is an n-alkyi group. 
(Il-x) R3 is an n-alkyi group and R4 is 



30 CH-» 

I 

*^^2'^^" 7 ' 

35 wherein p is 0 - 7 and R7 is a linear or branched alkyi group, 
(ll-xi) RaTs an alky I group and R* is 



40 



CEr> 
I 

-fCHjtq-CHH-CHj-J^ORQ 



wherein q is 0 - 7, r is 0 or 1 and Rs is a linear or branched alkyI group. 
45 Specific examples of the compounds represented by the above-mentioned general formula (I) may 
include those shown by the following structural formulas. 



50 



55 



12 



EP 0 356 672 B1 



(1-1) 



V , - '2^5 



(1-3) 

CH 



3 



HCgH^3 



(1-4) 



0-^>-^-OCH2CHC2Hj 



(1-5) 

• CH 

^-<^11«230-<&><§>-^«2^ 



3 



HC,He 

N ^ -* ^ 3 
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(1-6) 

CH 



3 



n-C^ lH230^>(Q)-0-(CH2f5CHC2H, 



(1-7) 

CH 



3 



(1-8) 

N 

0 



(1-9) 



CH3 



"-^6«13°-(^>^Y^«C2"5 



O 



(1-10) 

CH3 

o • 



(1-11) ' 

N ' 



"-^1 0«2 1 0-(0>^©^°-^«2^ ^^2^5 
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(1-12) 




(1-13) 

CH 



3 N 



CjHjCHCHjO-^y^^OCO-fCHjh^CH 



(1-14) 

CH, 

/-N /-A 1 



(1-15) 



CH, 



(1-16) 



CH3 

»*-C8«l70^>O-^«2^?^2H5 



(1-17) 
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(1-18) 

CH3 



15 



(1-19) 

CH3 

0 



(1-20) 

CH 



3 



n-C8H^7-OC^^^^CH2CHC2H5 



(1-21) 

CH3 

'^-^^l 4«29-0CHg)>(gH<:H2-V;HC2H5 
0 



(1-22) 

CH 



3 N 



C2H5CHCH20-<g)><g)-0-KH247-CH3 
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(1-23) 

CH- 



C2H5WCH2-iy-0^>^ 



O-fCHjf^CH. 



(1-24) 

CH 



3 N 



(1-25) 



n-C_ 

O 



gH^,-CO^><^^H2S«C2H5 



(1-26) 

CH 



1 0«2 1 -|°^}<§)-«^2-^S«C2H5 



(1-27) 

"-«^8«17-|0-C>><S>"°?''''6«1 3 
0 



(1-28) 



CH. 



n-C 



1 0«2 1 -|°^><§)-OCH2CHC3H. 



17 



EP 0 356 672 B1 



(1-29) 

CH 



' N 



C2H5CHCH20H;^><g^CH2+9CH3 
(1-30) 

C2H5CHCH20-(;^><g)-4CH243CH3 

(1-31) 

CH 



3 N 



CgH^3CHO-<g)>sg>--K:H2-fy-iCH3 



(1-32) 



CH, CH, 
C2H5CHCH20^^^^0-KH2-f3-CHC2H5 



(1-33) 



CH, CH, 
CjHgCH-tCHji-J- O-^^^^OCHjCHCjHj 



(1-34) 



CH, CH, 
CjHgCH-KHj-^O^V^OCHCgH^ 3 
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(1-35) 



8 17 J 



CH. 



OCH2CHC2H5 



(1-36) 

CH3 

"-C8«1 7-0C0^><g>-O-K:H2-f3-CHC2H5 
0 




(1-38) 



CH, CH, 
\^ H j 3 

Cj H5CHCH20-^)-^Q^CO— (CHj-fjCHCj Hg 

O 



(1-39) 



CH, CH- 
I 3 /-N ^ 1 ^ 

CjHsCH-lCH jf30^>(y)^C0CHCgH, 3 

0 
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(1-40) 

CH 



3 



n-C ^ ^ 0-^>-<g>^O4CH j^j- OCH2CHC2H, 



(1-42) 

CH 



3 N 



^6»1 3j«°-<Q><iQ>-|«><CH ji^CHj 



(1-43) 

CH 



C2H5C&iCHj^^O-^^^^O^C(HCH2^H3 

0 



The compounds represented by the formula (I) may be synthesized through processes as disclosed by, 
e.g.. Japanese Uid-Open patent Applications (KOKAI) 200972/1986. 200973/1986, 215372/1986 and 
291574/1986. For example, the following reaction scheme may be used for the synthesis. 
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HCl-EtOH 



NH-HCl 



EtOCH=C(COOEt) 
NaOEt 
OH 



POCI3 



CI 



H2/PCI-C 
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0 



R^OH 



Ri , R2 and X2 are the same as defined above. 

Specific examples of the compounds represented by the above-mentioned general formula (II) may 
include those shown by the following structural formulas. 
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(2-1) 
(2-2) 
(2-3) 

^5«11^}^<^12S25 

(2-4) 

O 

(2-5) 

0 

(2-6) 

O 
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(2-7) 

O 

(2-8) 

^7«l5^}<§y0C5«11 



(2-9) 



(2-10) 

C8«17-<&}<S)^«=10K21 



(2-11) 

^9«19-<&>^^6«13 



(2-12) 

^9Hl9^}<§>-°C9«19 



(2-13) 

^7«15^}<S^°C6«13 
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(2-14) 



(2-15) 



<^6«13-°^^}<Q>-Sl«23 



(2-16) 



(2-17) 



Sl«23-0|^}<§;^C5«11 



(2-18) 



C7«l5-°^-<&><§;^|°C5»11 



(2-19) 



Cl0H2r^^}^f^6«13 



(2-20) 



— N — 
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(2-21 ) 



(2-22) 



(2-23) 



'8«17^}<Q>-0SH^3 



(2-24) 



^12»25-<j°^><Q>-|°C6«l3 



(2-25) 



Sl«23-f^><Q>-<50<^8Hl7 



(2-26) 



•N 




^12«25iQKQ>-S«19 



(2-27) 



Ci4«29^}<Q>-^6«i: 
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(2-28) 



^10«21-<OMO>-OCOC8H,, 



(2-29) 

• N 



6 



(2-30) 



(2-31) 

0 O 



(2-32) 



(2-33) 



(2-34) 



0 o 



C8«17-|0^>^OjjCi2«25 
0 0 



CiO»2iO-^}(Q)-OC6«13 
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(2-35) 



(2-36) 

^7«15°i^}<g>-OS«15 



(2-37) 

^6«130^>^0C8H^7 



(2-38) 

S«19°-CjV^0^11«23 



(2-39) 



CH. 



4^ 



OCH2CHC2H5 



(2-40) 

' CH, 

^10«2l^Mgy°C«2'=«^2«5 



28 



EP 0 356 672 B1 



10 



40 



(2-41 ) 

CH 

C 



(2-42) 

'5 N I 

^1 0«2 1 ^>-<§)-CH2CHC2H5 



20 



(2-43) 

C8Hi7^>^CH2CHC2H5 



30 

(2-44) 

35 CH- 

N 



N ^ 



(2-45) 



50 



55 
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(2-46) 

CH 



3 



(2-47) 

CH^ 

C 1 0«2 1 -<§^^0-^C«2-^CHC2H5 



(2-48) 

CH 



^12^25 ^„ 

N 



(2-49) 

CH- 

N ' 3 
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(2-51) 



CH. 



So"21°XpV<g>-OCH2CHC2H. 



(2-52) 



CH. 



OCH2CHC2H5 



(2-53) 

N 

^1 iH230-(g)>(g>-0-tCHjf5CHC2H 



(2-54) 

CH, 

/-N /-A 1 
^12^2 5°-<P>(0>-^H243CHC 3H 



(2-55) 

• CH, 



V^ 7-(5>^)-O^CH2+2CHOCH3 
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(2-56) 

CH 

/-N I ^ 

'^s"! 3AP>\0)-'>K:h2^choch. 



(2-57) 

CH 



^ 1 0«2 1 '(5>(§)"^«2^^«°^ 3«7 



3 



(2-58) 

CH^ 

^ 1 2«2 5 -<^2^CM<:H2-^CH0C 3H7 



(2-59) 

N ' ^ 



Ci4«29-Q>^^«2-nCHOS«1 1 



(2-60) 

CH3 

^ 1 0»2 1 ^V(5)-O^CH2>:|CHOCH, 
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(2-61) 

CH 



3 



^ 1 2"2 5 -<^>©-0-^H2^CH0CH, 



(2-62) 

CH, 

^ 1 1 «2 3^-<P><Q>-0'^»2-^C«OC3«7 



(2-63) 

CH, 

N ' 



^ 1 0^2 1 0-<^>^0-fCH244 CHOCH3 



(2-64) 

^8«1 7^}<§>-0|-^H2-^C«OC2H5 



(2-65) 

CH, 

N ' 



^6»1 3'C)>^^-^»2-^^«OCH3 
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(2-66) 

CH^ 

N ' 



:9Hi9-(^>(^OCHCH20C2H, 



(2-67) 

N ' ^ 



^^ 2H25-(&>(§)-OCHCH20C2H, 



(2-68) 

N 

^5«11-<&>^j|OC»2C«^<=3«7 
0 



(2-69) 

CH 



3 



(2-70) 

^ 1 0"2 1 0-(Qy(^(HCll^KOCK, 
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(2-71) 

CH3 

C T o«2 1 0-<^M§)-oiHCH20C2H5 



(2-72) 



(2-73) 



(2-74) 



N 

19 



lO«21-Ci><SK§>-°^5« 



11 



(2-75) 



S2«25^}<QX§^°^7»15 
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(2-76) 



(2-77) 

.N 



N 

23 



C4H90ig)^n(gX5)-OC5H^^ 



(2-78) 

-N 

C 



7«l5°^H§><g>-OC3H^, 



(2-79) 

-N 



^8«l7-^><§Kg>-<^^^6»1 



6 



(2-80) 

, -N 

C 

II 



(2-81) 

-N 



^8«17^>^S><§>-S«11 
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(2-82) 



(2-83) 



(2-84) 

^10^21 



(2-85) 

Sl«23°^>#<§>-^5«11 



(2-86) 

0 

(2-87) 

^10«21-<^><§H§)-^^OC8H17 
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(2-88) 

N 

C 



«25-Cl>^0>^o<;oc5"n 



'2 - ..H 



(2-89) 

CH 

C 



'9^19 



(2-90) 

CH^ 

S 2«25-C^^-<^<^Q^«2C«C2«5 



(2-91) 

N 

^ 1 0«2 1 -Cj,^<0>^O^H2^3C«C2« 



(2-92) 

CH^ 

^6«1 3'<^>(§H^O-^CH2-f4CHOC3H 
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(2-93) 

CH3 

0 

JO 

(2-94) 

75 * 



^ 1 0^2 1 ^X§)H^0CHCH20C2H, 



•N 

20 

(2-95) 

25 ' 



30 

(2-96) 

CH^ 

^ 1 0»2 1 -<^>^§><§)-<HCH2^CHOCH3 



40 



(2-97) 

CH- 

45 M I J 



S«l7-C!^^§y^O^«2-^^«^3«7 



50 



55 
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(2-98) 

CH 



(2-99) 

^12^25 -(p><§)K§)-O^H2^H0CH . 



(2-100) 

CH 



^10^21 ^>^X§^°'^^2^^°^^3 



3 



(2-101) 

CH^ 

^1 1«23°-Cf^§X§^'^'^"2^'^^°^3"7 



(2-102) 



S«11-<QXp}^^6«13 
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(2-103) 

C 



(2-104) 

-N 



(2-105) 

-N 



ClO«2lXg>C>><§)^^^5«11 



(2-106) 

-N 



Sl«23-^©^>#-^8Hl7 



(2-107) 

CllH23-(5>^>^OC,oH, 



(2-108) 



11 



(2-109) 

_ -N 



'10 
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(2-110) 

S1«23°K§><P}<0>-C4H, 
— — N 



(2-111) 

Cl2«25°K§>^}<g^C7"l5 



(2-112) 

S0«21^©K^}#-Y5«11 

O 

(2-113) 

0 

(2-114) 

O 

(2-115) 

S 0»2 1 -©^}<§>-°^«2C«^2 
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(2-116) 



(2-117) 

C 1 2«25^©^Hg>-°^"2~^'^"''2«5 



(2-118) 

CH^ 

CioH2i^©Hg)><g>-OCHC6H^3 



(2-119) 

CH3 

<=8«1 7-<SKd><Q>-°^«2^«°^«3 



(2-120) 

CH^ 
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(2-121 ) 

CH 



3 



(2-122) 

CH^ 



= 1 0«2 1 AQ>^^AQ^OC«'^«2'^2«5 



(2-123) 

CH^ 

C 1 0«2 1 0-^>^><§)-<XCH^CH0CH3 



(2-124) 

S«11^§^<§X^>-S0«21 



(2-125) 

C6«13-#<S>#-S«19 



(2-126) 

-N 
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(2-127) 

Sl»23°KgXQ>C§-C7H,5 



(2-128) 



(2-129) 

-6"13 8"17 



(2-130) 

C5«11^§XgH^<=6«l3 



(2-131) 



(2-132) 

^7«l5-<SKgH^CgH^3 
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(2-133) 



Cg H ^ 9 ^>^^CKCH2)-40C2H, 



(2-134) 

CH^ 

^8"l 7-<^>^^^HCH2f40CHC2H, 



(2-135) 

N 

^1 0^2 1 -<^^>(§>-<HCH2^0CH2CHC2H. 



The compounds represented by the formula (II) may be synthesized through process as disclosed by, 
e.g., East Germany Patent No. 95892 (1973) and Japanese Patent Publication (KOKOKU) 5434/1987. More 
specifically, for example, compounds represented by the formula: 
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may be synthesized through the following reaction scheme: 




R3, R4. p and q are the same as defined above. 

A representative example of synthesis of a compound represented by the formula (II) is described 
below. 

Synthesis Example 1 

(Synthesis of compound Example No. 2 - 60) 

A solution of 1.83 g (9.6 mmol) of p-toluenesulfonic acid chloride in 5 ml of pyridine was added 
dropwise to a solution of 1.06 g (8.0 mmol) of 5-methoxyhexanol in 5 ml of pyridine below 5 'C on an iced 
water bath. After stirring for 6 hours at room temperature, the reaction mixture was injected into 100 ml of 
cold water and, after being acidified with 6N-hydrochloric acid, was extracted with isopropyl ether. The 
organic layer was washed with water and dried with anhydrous magnesium sulfate, followed by distilling-off 
of the solvent to obtain 5-methoxyhexyl-p-toluenesulfonate. 

Separately, 2.0 g (6.41 mmol) of 5-decyl-2-(p-hydroxyphenyl)pyrlmidine and 0.61 g of potassium 
hydroxide were added to 10 ml of dimethylformamide. and the mixture was stirred for 40 min. at 100 'C. To 
the mixture was added the above-prepared 5-methoxyhexyI-p-toluenesulfonate followed by 4 hours of 
stirring under heating at 100 *C. After the reaction, the reaction mixture was poured into 100 ml of cold 
water and extracted with benzene, followed by washing with water, drying with anhydrous magnesium 
sulfate and distilling-off of the solvent, to obtain a pale yellow oily product. The product was purified by 
column chromatography (silica gel - ethyl acetate/benzene = 1/9) and recrystallized from hexane to obtain 
1 .35 g of 5-decyl-2-[4-(5'-methoxyhexyloxy)phenyl]pyrimidine. 
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Phase transition temperature ( * C) 



3,5 27.9 40.3 

Cry. ^ SmC ^ SmA ^ Iso, 

0.2 26.7 37.6 



20 



10 In a preferred embodiment, the ferroelectric chiral smectic liquid crystal composition according to the 
present invention further comprises a mesomorphic compound having a negative dielectric anisotropy, 
which is preferably selected from those represented by the following formulas (IH-1) to (III-5): 

Formula (111-1): 

15 

Ya Yb 

Ra-Xa-Aa-Xb"^^Xc-Ab-Xd-Rb , 

wherein Ra and Rb respectively denote a linear or branched alkyi group capable of having a substituent; Xa 
and Xd respectively denote a single bond. -0-, 

25 

-CO- or -0C-? 

II 0 

O 0 

30 Xb and Xc respectively denote a single bond, 



-CO-, -OC- 
II II 

35 0 0 

or -CH2CH2-; Aa and Ab respectively denote a single bond, 

-^H^ (trans) , 
K?LKE)" ^C^y^y (trans) or 

45 



50 



with proviso that when Aa and Ab are both single bonds, Xb and Xc are both single bonds, and Xa and Xd 
are both single bonds or -0-, or Xa is 



-CO- 



o 
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and Xd is 



-0C-; 
II 

o 



and Ya and Yb are respectively cyano group, halogen or hydrogen with proviso that Ya and Yb cannot be 
10 hydrogen simultaneously; 



Formula (III-2): 



Re-Xe-Ae-Xf -^QVxg-Af -Xh-Rf , 
N-N 

wherein Re and Rf respectively denote a linear or branched alky! group capable of having a substituent; Xe 
20 and Xh are respectively a single bond, -0-, 



-CO- or -0C-; 

II 11 



Xf and Xg are respectively 

-CO-, -ce- 
ll i 

O 0 

or a single bond; and Ae and At are respectively 

35 
40 

45 or a single bond with proviso that Ae and At cannot be a single bond simultaneously; 



50 



55 
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Formula (III-3): 



N-N — . 

Ri-Xi-Ai ^ (Q>-Xj-Aj-Xk-Rj , 



wherein Ai is a single bond or 



70 



75 Aj is a single bond, 

<!> °' 

20 

Ri and Rj are respectively a linear or branched alkyi group capable of having a substituent with proviso that 
Ri and Rj are linear alkyI groups when Aj Is a single bond; Zi is -O- or -S-; Xi and Xk are respectively a 
single bond, -0-, 

25 

-CO-, -OC- or -OCO-; 

II II II 

0 0 0 

30 

Xj is a single bond, 

-CO- -0C-, 

il f 
0 o 



35 



-CH2O- or -OCH2 with proviso that Xi is a single bond when Ai is a single bond. Xj is not a single bond 
40 when Aj is 



45 

and Xk is a single bond when Aj is a single bond; 
Formula (III-4): 

50 



Rl-Xl-Al-Xm-Am-/ H\-Rm , 



55 



wherein RI and Rm are respectively a linear or branched alkyI group capable of having a substituent; AI and 
Am are respectively a single bond, 
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with proviso that AI and Am cannot be a single bond simultaneously: XI is a single bond, -0-, 

-CO- or -0C-; 

II II 

o o 



and Xm is a single bond, 



-CO-, -0C-, 

I « 
0 o 



-CH2O-. -OCH2-. -CH2CH2- or -C«C-; 
Formula (III-5): 



Rn-Xn-An-Xo-^^Zj-Ao-Xp-Ap-Xq-Ro, 

wherein Rn and Ro are respectively a linear or branched alky! group capable of having a substituent; Xn 
and Xq are respectively a single bond, -0-, 

-CO- or -0C-: 
O O 



Xo and Xp are respectively a single bond, 

-CO-, -0C-, 
li II 

o o 

-CH2O-. -OCH2- or -CH2CH2-; An and Ap are respectively a single bond, 



Ao is 



<H>or 
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and Z2 is 

CN CN 



-C=CH- or -CH-CHj-. 



In the above formulas (III-1) to (III-5). the alkyi groups Ra - Ro may respectively have 1-18 carbon 
TO atoms, preferably 4-16 carbon atoms, further preferably 6-12 carbon atoms. 

Specific examples of mesomorphic compounds represented by the general formulas (III-1) to (III-5) may 
respectively include those denoted by the structural formulas shown below. 



75 



20 



25 



30 



35 



40 



45 



so 



55 
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Formula 

(3-1) 

CN CN 

0 



(3-2) 

CN CN 

0«2 1 ^S>^|0^^6« 1 3-^ 
0 



(3-3) 

CN CN CH^ 

0 



(3-4) 

CN ■ CN 

0 
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(3-5) 



CN CN 

0 



(3-6) 



CN CN 



(3-7) 



CN CN 

n-C3H70-<^CO^^OC^g;^OC3H7 

o o 



(3-8) 



CN CN 
6 A 



(3-9) 



CN CN- 
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(3-10) 



CN CN 



n-C5H^^-(7)-CO^OC5H^ 



(3-11) 



CN CN 



n-C7H^5-0-CO-<g>-OC5H^^ 



(3-12) 



CN CN 



"-C8«l7-<5)-^O^QC8« 



17 



(3-13) 



CN CN 



n-C^Hg-^-CO^OCgH^^- 



(3-14) 



CN • CN 



15 
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(3-15) 



CN CN 



(3-16) 



CN CN 

^-^1 0«2 1 ^?0-^0|C7«1 5-" 

0 



(3-17) 



n-C5H^^^CO^OCC^0.21 



CN CN 



O 



(3-18) 

CN CN CH. 



"-S«ii<E>-5°-^4 

i 



3 

OCHCgH^ j-n 



(3-19) 

CN CN CH3 
n-CgH^ ^-^^yCO-^^OCH2CHOC2H5 
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35 



50 



(3-20) 



CN CN 



10 

(3-21) 

CN CN CH^ 

1 

0 



20 

(3-22) 

CN CN 

n-CgH ^ 7^-<S^|0^O^ 1 0^2 
0 



30 

(3-23) 



CN CN 



n-C^H^ ^ -(^yCH2CH2-^^C3H^-n 



(3-24) 

40 



CN CN 



^"^3^7K^y^^2^^2"^^^3^7"^ 



45 

(3-25) 



CN CN 



n-C^H^ 1 KZ)"^"2^«2^@^C4«9-^ 



55 
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(3-26) 



CN CN 



(3-27) 

CN CN 
^-C4»9^Q>^C3"7- 



(3-28) 

CN CN 



(3-29) 

CN CN 



(3-30) 



CN CN 



"-C6«13°-^ 
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(3-31) 



CN CN 



n-C^2"25°-<QAOCl2»25-'^ 



(3-32) 



CN CN 
'^-^I0"2l0-^OS«11-" 



(3-33) 



CN CN 



II B 



(3-34) 



CN CN 



"-^5Hii<=o-Q>-occ5«ir" 



(3-35) 



CN CN 



^-^14«29^0-^OCC^4H29 
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(3-36) 

CN CN CH^ 
n-CgH^ ^0-^^OCH2CHC2H5 



(3-37) 



CH3 CN CN CH^ 



n-CjH^CHCO-^O) OCCHCjH^- 



II ^ V 
0 o 



(3-38) 



CN CN 



(3-39) 

CN CN 

"-^1 0^2 lO-^O^Hf^O^S^I 



(3-40) 



CN CN 
n-C^H^sO-^OC^H^S-n 
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(3-41) 

CN CN 

"-^10«21<jj°^YlO«2r^ 
0 0 

(3-42) 

CN CN 

n-C^H^ 1 <«><jO-^OC^C^ qHji -n 
0 o 

(3-43) 

CN CN 

0 

(3-44) 

0 

(3-45) 

CN • 

o 
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(3-47) 



CN 




n-C3H7-<HKO/OC.(OyC4H9-n 



(3-48) 



CN 



(3-49) 



CN 

0«21 -<§><S)-f "^^6«1 3-^ 



(3-50) 



CN 




n-CgH^ 3°-y/<y/^°-<Q>^3«7-" 
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(3-51) 




(3-52) 



CN CN 




(3-55) 




0 0 
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(3-56) 



CN CN 



21 



(3-57) 



CN CN 



O 



(3-58) 



(3-1 



(3-< 




0 
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(3-62) 



CI 




(3-64) 




O 
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(3-66) 

F F 



OC2H5 



(3-67) 

F F 



(3-68) 

F F 

"-^5«11-(5><5>^OC2«5 



(3-69) 

F F 



66 



Formula (III-2) 
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Formula (III-3) 

(3-90) 



(3-91) 

"-^6«13^g><S)-^8«17-" 



(3-92) 

'^-^7«15-(g>(S>^ClO«2r 
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0 
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'^-<=10«21^^><§>-OClO«2r'^ 



(3-101) 

^-S«11^^^^<^5«11- 



(3-102) 

"-C7Hl5^Q^^<^Cl4«29-'^ 
O 
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»-C3«7-<§)<Q^-^>^C, gH33-n 

0 
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CH^ CI 

C«3<!:H-CH^^><0>-OCH2^0C8H^ ^-n 
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"-Cl0H2l<g>^CH2O^C3H7-n 
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C2H5CHlCH2}2-< )^0<J-^OCH2iHOC2H5 
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(3-117) 

N 

C2H5CH^^)^OCH2-<g)-OCgH^ g-n 
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'^-<=l2«25\OXH/^5«ir" 



(3-128) ^ 



(3-129) ^ 

(3-130) 

"■^7^15 
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^-^6«1 30|-^Q>AQK^''8Hl 7-^ 
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(3-132) 

1 0«2 1 ^;§X§)-0|<«y^7« 1 5- 
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CN 

n-Ci 2H250^©Hg>-OC^C,H3-n 



(3-134) 



CN 



(3-135) 



CN 



n-C7H^5-<g>-CO.<g>{^C7H^5-n 
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CN 
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0 0 
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C2H5CH(CH2) jOHl^CO-^HyCgH^ ^-n 
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Formula (III-5) 
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(3-154) 



n-CgH^ 30-<g)-C=CH^g)^O-C7H 
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CN 

n-CgH^ 70H^C=CHH;g)-0-CgH^ 3 
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n-CgH 1 70-<§)"C=CH-<g>-0-C8H, ^ 
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n-C^H^ 50-<g)-C=CH^(g)-0-CgH^ 3 
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CN 



^-C8Hl7^!§>-<==CH-<g)-0-C8H;7-n 
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n-CgH^ 30-^^C=CH-^HyC3H7-n 
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CN 
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"-^8«i 70-©-<==c«-<QKD-^5«i r° 
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' CN 

n-CjH^ ,-^^CH20-<^C=CH-^-OC7 
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CN 
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CN 



(3-180) 



CN 



^-^S^l 1 ^C=CH^(g)-OCH2^C8H^ ^- 



(3-181) 
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(3-182) 



n-CgH^ 1 Xf)"^^'^^2-(KX5^^5^1 1 



(3-183) 



CN 

n-CjH^ ^-(Hy(!HCH2-^)- 
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(3-184) 



CN 



10 



IS 



(3-185) 



20 



(3-186) 



25 



n-CgH 



CN 

1 1 ^^«-^«2^C7H^ 5-n 



30 



The mesomorphic compound having a negative dielectric anisotropy A€ may preferably have A* < -2, 
preferably Ae < -5, further preferably Ai < -1 0. 

The liquid crystal composition according to the present invention may be obtained by mixing at least 

35 one species of the compound represented by the formula (I), at least one species of the compound 
represented by the formula (II). optionally at least one species of a mesomorphic compound having a 
negative dielectric anisotropy and another mesomorphic compound in appropriate proportions. The liquid 
crystal composition according to the present invention may preferably be formulated as a ferroelectric liquid 
crystal composition, particularly a ferroelectric chiral smectic liquid crystal composition. 

40 Specific examples of another mesomorphic compound as described above may include those denoted 
by the following structure formulas. 
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^ 1 0^2 1 0-^^CH'N-^y-CH^CH-COO-CHjCH-CjHj 
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CgH^ 70H(gXg)-COO-(^CH2CHC2H. 
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,H5CHCH2-<g)^;g)-COO-<g)-OCgH^ 
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CH. 



^13^27 



CHjCHCjHg 
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CH. 



70-(^C0S-^OCH2CHC2H. 



(13) 



CH. 



OCH-CHCH 
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(14) 



Vl7 



COO-CHjCHCjHj 



(15) 

CH 



C2H50CHCH20-^-COO-(^-<^)-COO-C^ qHj , 
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CH 



3 



CqH^ 70CHCH2O-(g^COO-(g)^COO-C^ 0H2, 
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(17) 

CH 



, 3 

CgH^ 70CHCH20^<g)-COO^(gXg)^COO-CgH^ 3 



(18) 
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i4«CH20-(g)-COO-@^^COO-C^oH2^ 



15 

(19) 

2«250S«CH20-<g>-COO-<gX2;hOC8H^ , 



(20) 
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CH 
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^ 1 0^2 1 °'<^^-^°°-©-°^^2S^°^3^7 
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^8^1 7°-©^^^^'©^°°~^^25^°^2^S 
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^10«21°-<^^°S^(q)-OCH2CHOC3H^ 
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w 



^12«25°^C°S^OCH2CHOCgH^ 
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(26) 
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^8"l 7°-(§K^>^0°-<©-0^«2;«^2«; 



(27) 



f3 



2H250^g>^COOH^COO-CH2CHC2H5 



(28) 

•=1 2H25°-©^^COO-4CH2^CH-C2H5 

(29) 

C 1 0«2 1 <^-<^^0-WH2->5- CHC2H5 
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(31) 



C8«1 70Hg)-0<i^gX§>-0CH-CgH^ 
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^8^17 
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CH- 
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^1 0^2 1 0-^^CH'CH-CO-^^OCHjCHOCjHg 



CgH^ ^O-^^CO-^^CH^CH-CO-CHjCHOCjH 
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(45) 

CI CH, 

I I 3 

^8"l 7°^©K§yOC-CH-CH-C2H5 
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(46) 

CI 

V^ 7-|0-<§)^§)-CO-CH2-iH-CH (CH3) ^ 

0 o 

(47) 

F 

^1 0«2 1<^-<§>^CO-(g)^OCH2CHC8H, , 
0 



(48) 
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(49) 



^a^l 70-<^CH=CH-CO-(g>-CO-CH2CHC5H^ 
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C^H.^CHCH^O- 



(52) 

CF 



^ 3 

^a^l 7°-^@KQ)-?0-CH2CH2-CH-C4H3 
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C-,o»2lO-^>^0^«2CHC2«5 



50 



55 



98 



EP 0 356 672 B1 

(55) 

CH 
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Cl2»250-<§y^|0-<gHg>-COCH2CHOC5H^ ^ 
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O O 
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(57) 
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(66) 
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C4Hg-0-CH2CH2-0-<g>-CO.^)i^CO-CgH 
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(68) 
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(69) 

o o 
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C4H90CH2CHO-<g)-CO-<g)H^COCgH^ 3 

o o 
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CH30CH-WH242-O^CO-^>^)^OC8H^ 
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(73) 

CI CH, 
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CH 



C5H^ ^ OCHCH20-<g)^CS-^OC8H^ 7 
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(75) 



CH3 



^1 2H250-<§>-|0-^jjO-^«2-^^HOC5H, , 



In formulating the liquid crystal composition according to the present invention, it is desirable to mix 1 - 
300 wt. parts each, preferably 2 - 100 wt. parts each, of a compound represented by the formula (I) and a 
compound represented by the formula (II) with 100 wt. parts of another mesomorphic compound as 
mentioned above which can be composed of two or more species. 

45 Further, when two or more species of either one or both of the compounds represented by the formulas 
(I) and (II) are used, the two or more species of the compound of the formula (I) or (II) may be used in a 
total amount of 1 - 500 wt. parts, preferably 2 - 100 wt. parts, per 100 wt. parts of another mesomorphic 
compound as described above which can be composed of two or more species. 

Further, the weight ratio of the compound of the formula (l)/the compound of the formula (II) may 

50 desirably be 1/300 - 300/1. preferably 1/50 - 50/1. When two or more species each of the compounds of the 
formulas (I) and (II) are used, the weight ratio of the total amount of the compounds of the formula (l)/the 
total amounts of the compounds of the formula (II) may desirably be 1/500 - 500/1. preferably 1/50 - 50/1. 

Further, the total amounts of the compounds of the formulas (I) and (II) may desirably be 2 - 600 wt. 
parts, preferably 4 - 200 wt. parts, when one species each is selected from the formulas (I) and (II), or 2 - 

55 1000 wt. parts, preferably 4 - 200 wt. parts, when two or more species are selected from at least one of the 
formulas (I) and (II), respectively, with respect to 100 wt. parts of the above-mentioned another mesomor- 
phic compound which may be composed of two or more species. 
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Further, a mesomorphic compound having a negative dielectric anisotropy as described above can be 
contained In a proportion of 1 - 98 wt. % of the liquid crystal composition of the present invention so as to 
provide a composition having a negative dielectric anisotropy. Particularly, when a mesomorphic compound 
having Ac < -2 is based, It may be contained in a proportion of 1 - 70 wt. %, preferably 1 - 50 wt. %, of the 
5 liquid crystal composition of the present Invention. 

Further, the total of the compounds of the formulas (I) and (II) and the mesomorphic compound having a 
negative dielectric anisotropy can constitute 3 - 100 wt. % of the liquid crystal composition of the present 
Invention. 

The ferroelectric liquid crystal device according to the present invention may preferably be prepared by 

10 heating the liquid crystal composition prepared as described above into an Isotropic liquid under vacuum, 
filling a blank cell comprising a pair of oppositely spaced electrode plates with the composition, gradually 
cooling the cell to form a liquid crystal layer and restoring the normal pressure. 

Figure 1 Is a schematic sectional view of an embodiment of the ferroelectric liquid crystal device 
prepared as described above for explanation of the structure thereof. 

75 Referring to Figure 1 , the ferroelectric liquid crystal device includes a ferroelectric liquid crystal layer 1 
disposed between a pair of glass substrates 2 each having thereon a transparent electrode 3 and an 
Insulating alignment control layer 4. Lead wires 6 are connected to the electrodes so as to apply a driving 
voltage to the liquid crystal layer 1 from a power supply 7. Outside the substrates 2. a pair of polarizer 8 are 
disposed so as to modulate incident light lo from a light source 9 in cooperation with the liquid crystal 1 to 

20 provide modulated light I. 

Each of two glass substrates 2 Is coated with a transparent electrode 3 comprising a film of In2 03, 
Sn02 or ITO (indlum-tin-oxide) to form an electrode plate. Further thereon, an insulating alignment control 
layer 4 is formed by rubbing a film of a polymer such as polyimlde with gauze or acetate fiber-planted cloth 
so as to align the liquid crystal molecules in the rubbing direction. Further, it Is also possible to compose 

25 the alignment control layer of two layers, e.g., by first forming an insulating layer of an inorganic material 
such as silicon nitride, silicon nitride containing hydrogen, silicon carbide, silicon carbide containing 
hydrogen, silicon oxide, boron nitride, boron nitride containing hydrogen, cerium oxide, aluminum oxide,, 
zirconium oxide, titanium oxide, or magnesium fluoride, and forming thereon an alignment control layer of 
an organic insulating material, such as polyvinyl alcohol, polyimide, polyamide-imide. polyester-imide. 

30 polyparaxylylene, polyester, polycarbonate, polyvinyl acetal, polyvinyl chloride, polyvinyl acetate, 
polyamide, polystyrene, cellulose resjn. melamine resin, urea resin, acrylic resin, or photoresist resin. 
Alternatively, it is also possible to use a single layer of inorganic insulating alignment control layer or 
organic insulating alignment control layer. An inorganic insulating alignment control layer may be formed by 
vapor deposition, while an organic insulating alignment control layer may be formed by applying a selection 

35 of an organic Insulating material or a precursor thereof in a concentration of 0.1 to 20 wt. %, preferably 0.2 - 
10 wt. %, by spinner coating, dip coating, screen printing, spray coating or roller coating, followed by curing 
or hardening under prescribed hardening condition (e.g.. by heating). The insulating alignment control layer 
may have a thickness of ordinarily 30 A - 1 micron, preferably 30 - 3000 A. further preferably 50 - 1000 A. 
The two glass substrates 2 with transparent electrodes 3 (which may be inclusively referred to herein as 

40 "electrode plates") and further with Insulating alignment control layers 4 thereof are held to have a 
prescribed (but arbitrary) gap with a spacer 5. For example, such a cell structure with a prescribed gap may 
be formed by sandwiching spacers of silica beads or alumina beads having a prescribed diameter with two 
glass plates, and then sealing the periphery thereof with, e.g.. an epoxy adhesive. Alternatively, a polymer 
film or glass fiber may also be used as a spacer. Between the two glass plates, a ferroelectric liquid crystal 

45 is sealed up to provide a ferroelectric liquid crystal layer 1 In a thickness of generally 0.5 to 20 microns, 
preferably 1 to 5 microns. 

The ferroelectric liquid crystal provided by the composition of the present invention may desirably 
assume a SmC* phase (chiral smectic C phase) in a wide temperature range including room temperature 
(particulariy, broad in a lower temperature side) and also shows wide drive voltage margin and drive 
50 temperature margin when contained in a device. 

Particulariy. in order to show a good alignment characteristic to form a uniform monodomain, the 
ferroelectric liquid crystal may show a phase transition series comprising isotropic phase - Ch phase 
(cholesteric phase) - SmA phase (smectic A phase) - SmC phase (chiral smectic C phase) on temperature 
decrease. 

55 The transparent electrodes 3 are connected to the external power supply 7 through the lead wires 6. 
Further, outside the glass substrates 2, polarizers 8 are applied. The device shown in Figure 1 is of a 
transmission type and is provided with a light source 9. 
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Figure 2 is a schematic illustration of a ferroelectric liquid crystal cell (device) for explaining operation 
thereof. Reference nunnerals 21a and 21b denote substrates (glass plates) on which a transparent electrode 
of, e.g., InaOa, SnOa, ITO (indium-tin-oxide), etc., is disposed, respectively. A liquid crystal of an SmC*- 
phase (chiral smectic C phase) in which liquid crystal molecular layers 22 are aligned perpendicular to 

5 surfaces of the glass plates is hermetically disposed therebetween. Full lines 23 show liquid crystal 
molecules. Each liquid crystal molecule 23 has a dipole moment (P_L) 24 in a direction perpendicular to the 
axis thereof. The liquid crystal molecules 23 continuously form a helical structure in the direction of 
extension of the substrates. When a voltage higher than a certain threshold level is applied between 
electrodes formed on the substrates 21a and 21b, a helical structure of the liquid crystal molecule 23 is 

10 unwound or released to change the alignment direction of respective liquid crystal molecules 23 so that the 
dipole moments (Pjj 24 are all directed in the direction of the electric field. The liquid crystal molecules 23 
have an elongated shape and show refractive anisotropy between the long axis and the short axis thereof. 
Accordingly, it is easily understood that when, for instance, polarizers arranged in a cross nicol relationship, 
i.e.. with their polarizing directions crossing each other, are disposed on the upper and the lower surfaces of 

75 the glass plates, the liquid crystal cell thus arranged functions as a liquid crystal optical modulation device 
of which optical characteristics vary depending upon the polarity of an applied voltage. 

Further, when the liquid crystal cell is made sufficiently thin (e.g., less than about 10 microns), the 
helical structure of the liquid crystal molecules is unwound to provide a non-helical structure even in the 
absence of an electric field, whereby the dipole mount assumes either of the two states. I.e., Pa in an upper 

20 direction 34a or Pb In a lower direction 34b as shown In Figure 3. thus providing a bistable condition. When 
an electric field Ea or Eb higher than a certain threshold level and different from each other in polarity as 
shown in Figure 3 is applied to a cell having the above-mentioned characteristics, the dipole moment is 
directed either in the upper direction 34a or in the lower direction 34b depending on the vector of the 
electric field Ea or Eb. In correspondence with this, the liquid crystal molecules are oriented in either of a 

25 first stable state 33a and a second stable state 33b. 

When the above-mentioned ferroelectric liquid crystal is used aan optical modulation element, It is 
possible to obtain two advantages. First Is that the response speed is quite fast. Second is that the 
orientation of the liquid crystal shows bistability. The second advantage will be further explained, e.g., with 
reference to Figure 3. When the electric field Ea is applied to the liquid crystal molecules, they are oriented 

30 in the first stable state 33a. This state is stably retained even if the electric field is removed. On the other 
hand, when the electric field Eb of which direction is opposite to that of the electric field Ea is applied 
thereto, the liquid crystal molecules are oriented to the second stable state 33b, whereby the directions of 
molecules are changed. This state is similarly stably retained even if the electric field is removed. Further, 
as long as the magnitude of the electric field Ea or Eb being applied is not above a certain threshold value, 

35 the liquid crystal molecules are placed in the respective orientation states. 

When such a ferroelectric liquid crystal device comprising a ferroelectric liquid crystal composition as 
described above between a pair of electrode plates is constituted as a simple matrix display device, the 
device may be driven by a driving method as disclosed in Japanese Lald-Open Patent Applications (KOKAI) 
Nos. 193426/1984, 193427/1984. 156046/1985. 156047/1985, etc. 

40 More specifically, such a ferroelectric liquid crystal device may for example be driven by a driving 
embodiment as described hereinbefore with reference to Rgures 3 to 7. 

Hereinbelow. the present invention will be explained more specifically, with reference to examples. It is 
however to be understood that the present Invention is not restricted to these examples. 

45 Example 1 

A liquid crystal composition 1-A was prepared by mixing the following compounds In respectively 
Indicated proportions. 

50 



55 
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Ex. 

Compound 

No. Structural formula Wt, parts 

8 CqH-i 70-^(^-COS-^y.CH2CHC2H5 45 

CH^ 
j ^ 

9 C^2«250-©>-^OS^(g^CH2CHC2H5 45 

1 2 CgH-, 70-^^COSh(^-OCH2CHC2H5 1 5 

I 

1 3 QH2-1 0-^^COS-^^OCH2CHC2H5 1 5 



I 

1 7 CgH^ yO-CHCHjOH^^yCOO-^^^-^^^COOCgH^ 3 30 

18 CsH-i 1 0-CHCH20.^^^COO-^J^)^^^CCX)C^ qHj-, 30 

67 C4H50CH2CH20-^^COO-^^-^^COOCgH^ 3 1 0 

A liquid crystal composition 1-B was prepared by mixing the following Example compounds Nos. 1-6 
and 2-23 with the above prepared composition 1-A. 
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Ex.Comp. 

No, Structural formula Wt« parts 

5 CH^ 

1-6 1 H230^>(^.CHCH2^CHC2H5 1 0 

10 



75 



2-23 CgH^ 7^>(g)-OC9HT g 



Composition 1-A 85 



The above-prepared liquid crystal composition l-B was used to prepare a liquid crystal device in 

20 combination with a blank cell prepared in the following manner. 

Two 1.1 mm-thick glass plates were provided and respectively coated with an ITO film to form an 
electrode for voltage application, which was further coated with an insulating layer of vapor-deposited SiOa. 
The insulating layer was further coated with a 1.0 %-solution of polyimide resin precursor (SP-510, available 
from Toray K.K.) in dimethylacetoamlde by a spinner coater rotating at 3000 rpm for 15 seconds. 

25 Thereafter, the co ting film was subjected to heat curing at 300 *C for 60 min. to obtain about 120 A-thick 
film. The coating film was rubbed with acetate fiber-planted cloth. The thus treated two glass plates were 
washed with isopropyl alcohol. After silica beads with an average particle size of 1.5 microns were 
dispersed on one of the glass plates, the two glass plates were applied to each other with a bonding sealing 
agent (Lixon Bond, available from Chisso K.K.) so that their rubbed directions were parallel to each other 

30 and heated at 100 *C for 60 min. to form a blank cell. The cell gap was found to be about 1.5 microns as 
measured by a Berek compensator. 

Then, the above-prepared liquid crystal composition 1-B was heated into an isotropic liquid, and 
Injected into the above prepared cell under vacuum and, after sealing, was gradually cooled at a rate of 20 
'C/hour to 25 'C to prepare a ferroelectric liquid crystal device. 

35 The ferroelectric liquid crystal device was subjected to measurement of a driving voltage margin AV ( - 
V3-V1) by using the driving waveforms (bias ratio = 1/3) described with reference to Figures 4A and 4B and 
setting At so as to provide Vi of about 1 5 volts. The results are shown below. 





10 'C 


25 -C 


40 *C 


Voltage margin AV 
(set At) 


11.5 V 
(800 usee) 


12.0 V 
(230 usee) 


9.5 V 
(70 usee) 



Further, when the temperature was changed while the voltage (Vs + V|) was set at a central value within 
the voltage margin, the temperature difference capable of driving (hereinafter called "(driving) temperature 
margin") was ±3.0 'C. 

Further, contrast of 9 was attained at 25 'C during the driving. 

Comparative Example 1 

A liquid crystal composition 1 -C was prepared by omitting Example compound No. 2-23 from the liquid 
crystal composition 1-B, i.e.. by adding only Example compound No. 1-6 to the liquid crystal composition 1- 
A. and a liquid crystal composition 1-D was prepared by omitting Example compound No. 1-6 from the 
composition 1-B, i.e., by adding only Example compound No. 2-23 to the composition 1-A. 

Ferroelectric liquid crystal devices 1-A, 1-C and 1-D were prepared by using the compositions 1-A. 1-C 
and 1-D, respectively, instead of the composition 1-B, and subjected to measurement of driving voltage 
margin AV. otherwise in the same manner as In Example 1 . The results are shown below. 
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Voltage margin AV (set At) 




10 •c 


25 -C 


40 -C 


1-A 


9 V (1050 usee) 


9.5 V {280 usee) 


8.5 V (78 usee) 


1-C 


10 V (900 usee) 


10.5 V (250 usee) 


9 V (75 usee) 


1-D 


9.5 V (900 usee) 


9.5 V (250 usee) 


8 V (75 usee) 



Further, the driving temperature margin with respeet to 25 *C was ±2.2 *C for 1-A. ±2.5 'C for 1-C and 
±2.4 'C for 1-D. 

As apparent from the above Example 1 and Comparative Example 1, the ferroelectric liquid crystal 
device containing the liquid crystal composition 1-B according to the resent invention provided wider driving 
voltage and temperature margins and showed a better performance of retaining good images in resistance 
to changes in environmental temperature and cell gap. 

Example 2 

A liquid crystal composition 2-B was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition 1-A prepared in Example 1. 



Ex«Comp. 
No, 



1-5 



Structural formula 
^1 1 «230-(Q^<j^OCH2CHC^^ 



vt« parts 



1-17 



2-57 



-N 



^1 0«21 -(§><^0-^CH^CHOC3H7 
Composition 1-A 



10 

10 
100 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
above liquid crystal composition 2-B was used, and the device was subjected to measurement of driving 
voltage margin and observation of switching states. In the device, a mono domain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown below. 





10 -c 


25 •€ 


40 -C 


Voltage margin (set At) 


12.5 V (750 usee) 


12.5 V (230 usee) 


9.5 V (70 usee) 



Further, the driving temperature margin with respect to 25 'C was ±3.3 "C. A contrast of 8 was attained 
during the drive at the temperature. 

Comparative Examples 2 

A liquid crystal composition 2-C was prepared by omitting Example compound No. 2-57 from the liquid 
crystal composition 2-B, i.e., by adding only Example compounds Nos. 1-5 and 1-17 to the liquid crystal 
composition 1-A, and a liquid crystal composition 2-D was prepared by omitting Example compounds Nos. 
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1-5 and 1-17 from the composition 2-B. i.e.. by adding only Example compound No. 2-57 to the 
composition 1-A. 

Ferroelectric liquid crystal devices 1-A, 2-C and 2-D were prepared by using the compositions 1-A, 2-C 
and 2-D, respectively, instead of the composition 1-B, and subjected to measurement of driving voltage 
margin AV. otherwise in the same manner as In Example 1. The results are shown below. 



Voltage margin AV (set At) 




10 -c 


25 -C 


40 -C 


1-A 


9 V (1050 usee) 


9.5 V (280 usee) 


8.5 V (78 usee) 


2-C 


10 V (900 usee) 


1 1 V (250 usee) 


9 V (75 usee) 


2-D 


10 V (900 usee) 


10 V (250 usee) 


8 V (75 usee) 



Further, the driving temperature margin with respect to 25 *C was ±2.2 'C for 1-A, ±2,6 "C for 2-C and 
±2.4 'C for 2-D. 

As apparent from the above Example 2 and Comparative Example 2. the ferroelectric liquid crystal 
device containing he liquid crystal composition 2-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
resistance to changes in environmental temperature and cell gap. 

Example 3 

A liquid crystal composition 3-B was prepared by mixing the following example compounds In the 
indicated proportions with the liquid crystal composition 1-A prepared in Example 1. 



Ex.Comp. 

No> Structural formula wt> parts 

CH3 



.N 



2-82 C7Hi5^H§>^C6«13 

Composition 1-A 75 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
above liquid crystal composition 3-B was used, and the device was subjected to measurement of driving 
voltage margin and observation of switching states. In the device, a monodomain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown below. 





10 -c 


25 •C 


40 'C 


Voltage margin (set At) 


12.5 V (700 usee) 


13.0 V (220 usee) 


1 1 .0 V (75 usee) 



Further, the driving temperature margin with respect to 25 '0 was ±3.7 *C. A contrast of 10 was attained 
during the drive at the temperature. 
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Comparative Example 3 

A liquid crystal composition 3-C was prepared by omitting Example compound No. 2-82 from the liquid 
crystal composition 3-B, i.e.. by adding only Example compound No. 1-4 to the liquid crystal composition 1- 
A. and a liquid crystal composition 3-D was prepared by omitting Example compound No. 1-4 from the 
composition 3-B, I.e.. by adding only Example compound No. 2-82 to the composition 1-A. 

Ferroelectric liquid crystal devices 1-A, 3-C and 3-D were prepared by using the compositions 1-A, 3-C 
and 3-D, respectively, instead of the composition 1-B, and subjected to measurement of driving voltage 
margin AV, otherwise in the same manner as in Example 1 . The results are shown below. 



Voltage margin AV (set At) 




10 'C 


25 -C 


40 'C 


1-A 


9 V (1050 usee) 


9.5 V (280 usee) 


8.5 V (78 usee) 


3-C 


10 V (800 usee) 


1 1 V (240 usee) 


9 V (75 usee) 


3-D 


10.5 V (800 lisec) 


11.0 V (240 usee) 


9.5 V (75 usee) 



Further, the driving temperature margin with respect to 25 'C was ±2.2 "C for 1-A, ±2.8 *C for 3-C and 
±2.7 'C for 3-D. 

As apparent from the above Example 3 and Comparative Example 3. the ferroelectric liquid crystal 
device containing the liquid crystal composition 3-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
resistance to changes in environmental temperature and cell gap. 

Example 4 

A liquid crystal composition 4-B was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition 1-A prepared in Example 1. 

Ex.Comp. 

No. Structural formula wt. parts 

^a^M-(Q^^^<^6^^3 



Composition 1-A 80 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
above liquid crystal composition 4-B was used, and the device was subjected to measurement of driving 
voltage margin and observation of switching states. In the device, a monodomain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown below. 



10 



10 
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10 -c 


25 -C 


40 -C 


Voltage margin (set At) 


12.0 V (840 usee) 


12.5 V (220 usee) 


9.5 V (70 usee) 



Further, the driving temperature margin with respect to 25 *C was ±3.1 *C. A contrast of 9 was attained 
during the drive at the temperature. 

Comparative Example 4 



A liquid crystal composition 4-C was prepared by omitting Example compound No. 2-9 from the liquid 
crystal composition 4-B, I.e., by adding only Example compound No. 1-15 to the liquid crystal composition 
1-A, and a liquid crystal composition 4-D was prepared by omitting Example compound No. 1-15 from the 
composition 4-B, i.e., by adding only Example compound No. 2-9 to the composition 1-A. 

Ferroelectric liquid crystal devices 1-A, 4-C and 4-D were prepared by using the compositions 1-A, 4-C 
and 4-D, respectively, instead of the composition 1-8, and subjected to measurement of driving voltage 
margin AV, othen^ise in the same manner as in Example 1. The results are shown below. 



Voltage margin AV (set At) 




10 -c 


25 -C 


40 -C 


1-A 


9.0 V (1050 usee) 


9.5 V (280 usee) 


8.5 V (78 usee) 


4-C 


10.0 V (900 usee) 


10.0 V (250 usee) 


9.0 V (75 usee) 


4-D 


9.0 V (900 usee) 


9.5 V (250 usee) 


8.0 V (75 usee) 



Further.the driving temperature margin with respect to 25 *C was ±2.2 'C for 1-A, ±2.5 *C for 4-C and 
±2.4 'C for 4-D. 

As apparent from the above Example 4 and Comparative Example 4, the ferroelectric liquid crystal 
device containing the liquid crystal composition 4-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
resistance to changes in environmental temperature and cell gap. 

Example 5 

A liquid crystal composition 5-A was prepared by mixing the following compounds in respectively 
indicated proportions. 
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Ex. 

Compound 

No. Structural formula Wt. parts 

CH3 

8 CgH^ ^O-^^COS-^^CHjdHCjHg 60 

CHi 
I ^ 

10 CioH2iO.<g>-COS-<g)-CH2CHC2H5 20 



CH3 



13 C 



1 0^21 0-^COS-(g)-OCH2iHC2H5 30 



f3 

17 C8Hi70-CHCH20-<g)-COOHg)^>.COOC5Hi3 10 



CH3 



1 S C2H50CHCH20^;g)-COO^^;^(^COOC, qHj 1 30 
67 C4H90CH2CH20-<^COO-(g)^^COOCgH,3 20 
57 CToH2iO-,(g)^COO-(g)-OC8HT7 5 

A liquid crystal composition 5-B was prepared by mixing the following Example compounds Nos. 1-3, 2- 
73 and 2-83 with the above prepared composition 5-A. 
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Ex.Comp.No. 



1-3 



Stmicttiral formula 



CH3 

4«290-^>©-OCHC6H^3 



<ft» parts 



15 



2-73 



2-83 



^5^11 



N 




Q 







5 






10 



Composition 5-A 



70 



A ferroelectric liquid crystal device 5-B was prepared in the same manner as in Example 1 except that 
the liquid crystal composition 5-B was used instead of the composition 1-B. The device was subjected to 

measurement of driving voltage margin and observation of switching states. In the device, a monodomain 
with a good and uniform alignment characteristic was observed. The results of the measurement are shown 
below. 





10 'C 


25 -C 


40 *C 


Voltage margin (set At) 


14.0 V (720 usee) 


14.0 V (230 usee) 


1 1 .0 V (74 usee) 



Further, the driving temperature margin with respect to 25 *C was ±4.1 *C. A contrast of 8 was attained 
during the drive at the temperature. 



Comparative Example 5 

A liquid crystal composition 5-C was prepared by omitting Example compounds Nos. 2-73 and 2-83 
from the liquid crystal composition 5-B prepared in Example 5, i.e.. by adding only Example compound No. 
1-3 to the liquid crystal composition 5-A, and a liquid crystal composition 5-D was prepared by omitting 
Example compound No. 1-3 from the composition 5-B, i.e.. by adding only Example compounds Nos. 2-73 
and 2-83 to the composition 5-A. 

Ferroelectric liquid crystal devices 5-A, 5-C and 5-D were prepared by using the compositions 5-A, 5-0 
and 5-D, respectively, instead of the composition 1-B. and subjected to measurement of driving voltage 
margin AV, otherwise in the same manner as In Example 1. The results are shown below. 



Voltage margin AV (set At) 




10 'C 


25 -C 


40 -C 


5-A 


10.5 V (1200 usee) 


10.5 V (330 usee) 


8.5 V (98 usee) 


5-C 


11.0 V (1000 usee) 


11.0 V (300 usee) 


9.0 V (95 usee) 


5-D 


11.5 V (1000 usee) 


11.5 V (300 usee) 


9.5 V (95 usee) 



Further, the driving temperature margin with respect to 25 *C was ±2.5 *C for 5-A, ±2.7 'C for 5-C and 
±2.8 'C for 5-D. 

As apparent from the above Example 5 and Comparative Example 5, the ferroelectric liquid crystal 
device containing the liquid crystal composition 5-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
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resistance to changes in environmental temperature and cell gap. 
Example 6 

A liquid crystal composition 6-B was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition 5-A prepared in Example 5. 



Ex.Comp. 

No. Structural formula vt> parts 



1-7 



2-67 



CH3 

CH3 

Cl 2«25^X§>-0(!hCH20C2H5 



Composition 5-A 90 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
above liquid crystal composition 6-B was used, and the device was subjected to measurement of driving 
voltage margin and observation of switching states. In the device, a monodomain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown below. 





10 


25 


40 -C 


Voltage margin (set At) 


12.5 V (1000 usee) 


12.5 V (300 usee) 


9.0 V (95 usee) 



Further, the driving temperature margin with respect to 25 *C was ±3.0 "C. A contrast of 9 was attained 
during the drive at the temperature. 

Comparative Example 6 

A liquid crystal composition 6-C was prepared by omitting Example compound No. 2-67 from the liquid 
crystal composition 6-B, i.e.. by adding only Example compound No. 1-7 to the liquid crystal composition 5- 
A, and a liquid crystal composition 6-D was prepared by omitting Example compound No. 1-7 from the 
composition 6-B, i.e., by adding only Example compound No, 2-67 to the composition 5-A. 

Ferroelectric liquid crystal devices 5-A, 6-C and 6-D were prepared by using the compositions 5-A, 6-C 
and 6-D, respectively, instead of the composition 1-B, and subjected to measurement of driving voltage 
margin AV, otherwise in the same manner as in Example 1. The results are shown below. 



Voltage margin AV (set At) 




10 -c 


25 'C 


40 'C 


5-A 


10.5 V (1200 usee) 


10.5 V (330 usee) 


8.5 V (98 usee) 


6-C 


10.5 V (1000 usee) 


11.5 V (300 usee) 


8.5 V (95 usee) 


6-D 


10.5 V (1000 usee) 


10.5 V (300 usee) 


8.0 V (95 usee) 



Further, the driving temperature margin with respect to 25 *C was ±2.5 'C for 5-A. ±2.7 *C for 6-C and 
±2.6 "C for 6-D, 
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As apparent from the above Example 6 and Comparative Example 6, the ferroelectric liquid crystal 
device containing the liquid crystal composition 6-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
resistance to changes in environmental temperature and cell gap. 

Example 7 

A liquid crystal composition 7-B was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition 5-A prepared in Example 5. 



Ex.Comp. 

No, Structural formula vt, parts 



1-11 



1-16 



0 

CH3 

^8^1 70-^}^§)-0^2->7-^H^ 



-N 



2-21 C7Hi5^X§)^OC9H,9 10 

Composition 5-A 80 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
above liquid crystal composition 7-B was used, and the device was subjected to measurement of driving 
voltage margin and observation of switching states. In the device, a monodomain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown below. 





10 'C 


25 -C 


40 


Voltage margin (set At) 


13.0 V (850 usee) 


13.0 V (260 usee) 


9.5 V (90 usee) 



Further, the driving temperature margin with respect to 25 *C was ±3.5 'C. A contrast of 10 was attained 
during the drive at the temperature. 

Comparative Example 7 



A liquid crystal composition 7-C was prepared by omitting Example compound No. 2-21 from the liquid 
crystal composition 7-B, i.e., by adding only Example compounds Nos. 1-11 and 1-16 to the liquid crystal 
composition 5-A, and a liquid crystal composition 7-D was prepared by omitting Example compounds Nos. 
1-11 and 1-16 from the composition 7-B, i.e., by adding only Example compound No. 2-21 to the 
composition 5-A. 

Ferroelectric liquid crystal devices 5-A. 7-C and 7-D were prepared by using the compositions 5-A, 7-C 
and 7-D, respectively, instead of the composition 1-B. and subjected to measurement of driving voltage 
margin AV, otherwise in the same manner as In Example 1 . The results are shown below. 
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Voltage margin AV (set At) 




10 -c 


25 -C 


40 -C 


5-A 


10.5 V (1200 usee) 


10.5 V (330 usee) 


8.5 V (98 usee) 


7-C 


11.0 V (1000 usee) 


1 1 .5 V (300 usee) 


9.0 V (90 usee) 


7-D 


11.0 V (1000 usee) 


11.0 V (300 usee) 


9.0 V (90 usee) 



Further, the driving temperature margin with respect to 25 "C was i2.5 'C for 5-A, ±2.8 'C for 7-C and 
±2.6 'C for 7-D. 

As apparent from the above Example 7 and Comparative Example 7, the ferroelectric liquid crystal 
device containing the liquid crystal composition 7-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
resistance to changes in environmental temperature and cell gap. 

Example 8 

A liquid crystal composition 8-A was prepared by mixing the following compounds in respectively 
indicated proportions. 
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Ex. 

Compound 

No> Structural formula Wt. parts 

I ^ 



CH3 

25 ^12^25 



67 C4HgOCH2CH20-^^COO-^y^^COOC5H^ 3 10 

CH, 
I ^ 

4 C2H5CHCH2.(g^<g>-COO.^OCeHi 7 10 



C2H5CHCH2^(g>^g)-COO-(g>-OC5H, 3 20 



57 CioH2iO^^COO.^OCgHi7 15 

58 C8Hi7-<^COO-<|^OCioH2i 15 

P 

*7 CioH2i0^g)^COO.(g)^CH2CHC8Hi7 5 

P 

51 CgH^ jCHCHjO-^^COO-^^ 



A liquid crystal composition 8-B was prepared by mixing the following Example compounds Nos. 1-4, 1- 
19, 2-82 and 2-102 with the above prepared composition 8-A. 
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Ex.Comp. 

No, Structural formula Wt> parts 



5 

1-4 



70 

1-19 

7S 



2-82 

20 



2-102 

25 




Composition 8-A 80 



A ferroelectric liquid crystal device 8-B was prepared in the same manner as in Example 1 except that 
the liquid crystal composition 8-B was used instead of the composition 1-B. The device was subjected to 
measurement of driving voltage margin and observation of switching states. In the device, a monodomain 
with a good and uniform alignment characteristic was observed. The results of the measurement are shown 
35 below. 





10 -c 


25 -C 


45 


Voltage margin (set At) 


11.0V (280 usee) 


11.0 V (90 usee) 


7.0 V (40 usee) 



40 

Further, the driving temperature margin with respect to 25 *C was ±2.7 *C. A contrast of 1 1 was attained 
during the drive at the temperature. 

Comparative Example 8 



A liquid crystal composition 8-C was prepared by omitting Example compounds Nos. 2-82 and 2-102 
from the liquid crystal composition 8-B, i.e., by adding only Example compounds Nos. 1-4 and 1-19 to the 
liquid crystal composition 8-A, and a liquid crystal composition 8-D was prepared by omitting Example 
compounds Nos. 1-4 and 1-19 from the composition 8-B, i.e., by adding only Example compounds Nos. 2- 
82 and 2-102 to the composition 8-A. 

Ferroelectric liquid crystal devices 8-A. 8-C and 8-D were prepared by using the compositions 8-A, 8-0 
and 8-D. respectively, instead of the composition 1-B, and subjected to measurement of driving voltage 
margin AV, otherwise In the same manner as In Example 1. The results are shown below. 
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Voltage margin AV (set At) 




10 *C 


25 -C 


40 -C 


8-A 


8.0 V (400 usee) 


8.0 V (110 usee) 


6.0 V (40 usee) 


8-C 


9.0 V (340 usee) 


9.0 V (100 usee) 


6.0 V (40 usee) 


8-D 


9.0 V (340 usee) 


9.5 V (100 usee) 


7.0 V (40 usee) 



Further, the driving temperature margin with respect to 25 "C was i1.9 *C for 8-A, ±2.1 'C tor 8-C and 
±2,1 'C for 8-D. 

As apparent from the above Example 8 and Comparative Example 8, the ferroelectric liquid crystal 
device containing the liquid crystal composition 8-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
resistance to changes In environmental temperature and cell gap. 

Example 9 

A liquid crystal composition 9-B was prepared by mixing the following example compounds In the 
Indicated proportions with the liquid crystal composition 8-A prepared In Example 8. 



Ex.Comp, 
No. 



1-23 



Structural formula 



CH- 



C2H5CH (CH2)30^^^.(g>.0(CH2)9CH3 



wt - parts 



15 



2- 



CH- 



60 ^1 o«2i -^XSV o ( c«2 > A^^ocn^ 



10 



Composition 8-A 



75 



A ferroelectric liquid crystal device was prepared In the same manner as in Example 1 except that the 
above liquid crystal composition 9-B was used, and the device was subjected to measurement of driving 
voltage margin and observation of switching states. In the device, a monodomain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown below. 





10 -c 


25 *C 


40 -C 


Voltage margin (set At) 


11.0 V (260 usee) 


11.5 V (85 usee) 


7.5 V (40 usee) 



Further, the driving temperature margin with respect to 25 'C was ±2.9 'C. A contrast of 10 was attained 
during the drive at the temperature. 

Comparative Example 9 

A liquid crystal composition 9-C was prepared by omitting Example compound No. 2-60 from the liquid 
crystal composition 9-B, i.e., by adding only Example compound No. 1-23 to the liquid crystal composition 
8-A, and a liquid crystal composition 9-D was prepared by omitting Example compound No. 1-23 from the 
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composition 9-B, i.e., by adding only Example compound No. 2-60 to the composition 8-A. 

Ferroelectric liquid crystal devices 8-A, 9-C and 9-D were prepared by using the compositions 8-A, 9-C 
and 9-D, respectively, instead of the composition 1-B, and subjected to measurement of driving voltage 
margin AV. otherwise in the same manner as in Example 1 . The results are shown below. 



Voltage margin AV (set At) 




10 -c 


25 -C 


40 'C 


8-A 


8.0 V (400 usee) 


8.0 V (110 usee) 


6.0 V (40 u-sec) 


9-C 


9.0 V (320 usee) 


9.5 V (100 usee) 


6.0 V (40 usee) 


9-D 


9.0 V (320 usee) 


9.0 V (100 usee) 


6.0 V (40 usee) 



Further, the driving temperature margin with respect to 25 *C was ±1.9 'C for 8-A. ±2.3 "C for 9-C and 
±2.2 'C for 9-D. 

As apparent from the above Example 9 and Comparative Example 9, the ferroelectric liquid crystal 
device containing the liquid crystal composition 9-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
resistance to changes in environmental temperature and ceil gap. 

Example 10 

A liquid crystal composition 10-B was prepared by mixing the following example compounds in the 
indicated proportions with the liquid crystal composition 8-A prepared In Example 8. 



EXoCompo 

NOo Structural formula wto parts 

CHn 

1-6 Ci 1 H230^^)^g^O(CH2) 2CHC2H5 20 



2-23 CgHi7H^-^g^9Hig 10 

Composition 8-A 70 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
above liquid crystal composition 10-B was used, and the device was subjected to measurement of driving 
voltage margin and observation of switching states. In the device, a monodomain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown below. 





10 'C 


25 -C 


40 -C 


Voltage margin (set At) 


12.0 V (240 usee) 


12.0 V (80 usee) 


8.5 V (40 usee) 



Further, the driving temperature margin with respect to 25 "C was ±3.2 "C. A contrast of 9 was attained 
during the drive at the temperature. 

Comparative Example 10 

A liquid crystal composition 10-C was prepared by omitting Example compound No. 2-23 from the 
liquid crystal composition 10-B. i.e., by adding only Example compound No. 1-6 to the liquid crystal 
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composition 8-A, and a liquid crystal composition 10-D was prepared by omitting Example compound No. 
1-6 from the composition 10-B, i.e.. by adding only Example compound No. 2-23 to the composition 8-A. 

Ferroelectric liquid crystal devices 8-A, 10-C and 10-D were prepared by using the compositions 8-A, 
10-C and 10-D, respectively, instead of the composition 1-B, and subjected to measurement of driving 
voltage margin AV. otherwise In the same manner as In Example 1. The results are shown below. 



Voltage margin AV (set At) 




10 -c 


25 -C 


40 -C 


8-A 


8.0 V (400 usee) 


8.0 V (110 usee) 


6.0 V (40 usee) 


10-C 


9.0 V (300 usee) 


9.5 V (100 usee) 


7.0 V (40 usee) 


10-D 


9.0 V (300 ixsec) 


9.0 V (100 usee) 


6.0 V (40 usee) 



Further, the driving temperature margin with respect to 25 *C was ±1.9 'C for 8-A, +2.4 *C for 10-C 
and ±2.2 'C for 10-D. 

As apparent from the above Example 10 and Comparative Example 10, the ferroelectric liquid crystal 
device containing the liquid crystal composition 10-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good Images in 
resistance to changes In environmental temperature and cell gap. 

Example 11 

A blank cell was prepared in the same manner as in Example 1 except for omitting the SiOa layer to 
form an alignment control layer composed of the polyimide resin layer alone on each electrode plate. Four 
ferroelectric liquid crystal devices were prepared by filling such a blank cell with liquid crystal compositions 
2-B, 2-C, 2-D and 1-A, respectively, prepared in Example 2 and Comparative Example 2. These liquid 
crystal devices were subjected to measurement of driving voltage and temperature margins in the same 
manner as in Example 1 . The results are shown below. 



Comp. 


Voltage margin (set At) 


Temp, margin (at 25 • C) 


10 -c 


25 'C 


40 -C 


2-B 


14.0 V (720 usee) 


14.0 V (210 usee) 


10.0 V (60 usee) 


±3.8 • C 


2-C 


10.5 V (850 usee) 


11 .0 V (240 usee) 


9.5 V (75 usee) 


±2.7 ' C 


2-D 


10.0 V (850 usee) 


10.5 V (240 usee) 


9.0 V (75 usee) 


±2.7 'C 


1-A 


9.5 V (950 usee) 


10.0 V (250 usee) 


9.0 V (75 usee) 


±2.4 '0 



As is apparent from the above Example 11. also in the ease of a different device structure, the device 
containing the ferroelectric liquid crystal composition 2-B according to the present invention provided wider 
driving voltage and temperature margins and showed a better performance of retaining good images in 
resistance to changes in environmental temperature and cell gap than the device containing the other liquid 
crystal compositions. 



Examples 12-19 

Liquid crystal compositions 12-B to 19-B were prepared by replacing the example compounds and the 
liquid crystal compositions used in Example 1. 5 and 8 with example compounds and liquid crystal 
compositions shown in the following Table 1. Ferroelectric liquid crystal devices were prepared by 
respectively using these compositions instead of the composition 1-B. and subjected to measurement of 
driving margins and observation of switching states. In the devices, a monodomain with a good and uniform 
alignment characteristic was observed. The results of the measurement are shown in the following Table 1 . 
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55 
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I 



ON ON 



As is apparent from the results shown in the above Table 1, the ferroelectric liquid crystal devices 
55 containing the liquid crystal compositions 12-B to 19-B provided wide driving voltage and temperature 
margins and showed good performances of retaining good images in resistance to changes in environmen- 
tal temperature and celt gap. 
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Example 20 

A liquid crystal composition 20-B was prepared by mixing the following example compound in the 
indicated proportion with the liquid crystal composition 1-B prepared in Example 1. 

Ex> Comp> No, Structiiral formula wt, parts 

CN CN 




0 



Composition 1-B 90 

A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
above liquid crystal composition was used, and the device was subjected to measurement of driving voltage 
margin in the same manner as in Example 1 to obtain the following results. 





10 -c 


25 -C 


40 


Voltage margin (set At) 


11.0 V (900 usee) 


12 V (260 usee) 


9.5 V (75 usee) 



Then, the tilt angle of the above device was measured under right-angle cross nicols at 25 "C to provide 
7.2 degrees. Further, the tilt angle of the device was again measured while being subjected to application of 
rectangular waveforms of ±8 V and a frequency of 60 KHz and found to be 13 degrees. The transmittance 
measured at that time was 12.7%, and a contrast of 50:1 was attained. 

Comparative Example 20 

A liquid crystal composition 20-C was prepared in the same manner as in Example 20 except that the 
liquid crystal composition 1-A prepared in Example 1 was used Instead of the composition 1-B to be mixed 
with the Example compound No. 3-10 In the same proportions. 

Ferroelectric liquid crystal devices were prepared by using the compositions 20-C, 1-A and 1-B 
respectively and subjected to measurement of driving voltage margin, otherwise in the same manner as in 
Example 1 . Further, the tilt angles of these devices were measured in the same manner as in Example 20. 
The results are shown below. 



Voltage margin (set At) 


Comp. 


10 'C 


25 -C 


40 -C 


1-A 


9.0 V (1050 usee) 


9.5 V (280 usee) 


8.5 V (78 usee) 


1-B 


1 1 .5 V (800 usee) 


12.0 V (230 usee) 


9.5 V (70 usee) 


20-C 


8.0 V (1300 usee) 


9.0 V (310 usee) 


9.0 V (83 usee) 



Tilt angle (25 ' C) 


Comp. 


Initial (no electric field) 


Under AC appln. (60 KHz, ±8 V, rectangular) 


1-A 


7.5 degrees 


7.8 degrees 


1-B 


7.0 degrees 


7.3 degrees 


20-C 


7.7 degrees 


13.3 degrees 



As apparent from Example 20 and Comparative Example 20. the liquid crystal composition 20-B 
obtained by mixing a mesomorphic compound having a negative dielectric anisotropy (Example compound 



123 



EP 0 356 672 B1 



No. 3-10) with the liquid crystal composition 1-B according to the present invention provided a wider driving 
margin and also provided a remarkably improved display characteristic when used in a display method 
utilizing AC application (or AC stabilization). 

Example 21 

A liquid crystal composition 21 -B was prepared by mixing the following example compounds in the 
respectively indicated proportions with the liquid crystal composition 1-B prepared in Example 1. 

Ex>Comp> No, Structural formula wt > parts 

N-N 



3-90 n-Ci 0H21 4 J^OCi 2H25-n 



CN CN 

3-12 n-C8Hi7H(H)-CO.^OC8Hi7-n 



CN 

3-122 n-CgH-i 7 —^H^M^HyCgH^ 7- 



0 

CN 

n 



3-70 n-CgHi 3-^^©K^5Hl 1 



N-N 



3-107 n-C^QH2i 



6 



N-N 



3-111 n-C^jHjsJ^ |<g)-OCH2-^i)-C5H„-ii 1 



. S 

CN 



3-167 n-CgH-, 50-^^CH= 



Composition 1-B 80 



A ferroelectric liquid crystal device was prepared in the same manner as in Example 1 except that the 
above liquid crystal composition was used, and the device was subjected to measurement of driving voltage 
margin in the same manner as in Example 1 to obtain the following results. 
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10 'C 


25*C 


40-C 


Voltage margin (set At) 


1 1 .0 V (850 usee) 


12 V (250 usee) 


10 V(75 usee) 



Then, the tilt angle of the above device was measured under right-angle cross nicols at 25 'C to provide 
8.2 degrees. Further, the tilt angle of the device was again measured while being subjected to application of 
rectangular waveforms of ±8 V and a frequency of 60 KHz and found to be 12.8 degrees. The transmittance 
measured at that time was 13%, and a contrast of 56:1 was attained. 

Comparative Example 21 



A liquid crystal composition 21 -C was prepared in the same manner as in Example 21 except that the 
liquid crystal composition 1-A prepared in Example 1 was used instead of the composition 1-B to be mixed 
with the other example compounds in the same proportions. 

Ferroelectric liquid crystal devices were prepared by using the compositions 21 -C, 1-A and 1-B 
respectively and subjected to measurement of driving voltage margin, otherwise In the same manner as in 
Example 1 . Further, the tilt angles of these devices were measured in the same manner as In Example 21 . 
The results are shown below. 



Voltage margin (set At) 


Comp. 


10 •c 


25 -C 


40 -C 


1-A 


9.0 V (1050 usee) 


9.5 V (280 usee) 


8.5 V (78 usee) 


1-B 


11.5 V (800 tisec) 


12.0 V (230 usee) 


9.5 V (70 usee) 


21-C 


8.5 V (1170 usee) 


9.0 V (320 usee) 


9.0 V (85 usee) 



Tilt angle (25 'C) 


Comp. 


Initial (no electric field) 


Under AC appln. (60 KHz, ±8 V, rectangular) 


1-A 


7.5 degrees 


7.8 degrees 


1-B 


7.0 degrees 


7.3 degrees 


21-C 


8.3 degrees 


13.0 degrees 



As apparent from Example 21 and Comparative Example 21, the liquid crystal composition 21 -B 
obtained by mixing mesomorphic compounds having a negative dielectric anisotropy with the liquid crystal 
composition 1-B according to the present invention provided a wider driving margin and also provided a 
remarkably improved display characteristic when used in a display method utilizing AC application (or AC 
stabilization). 

For example, the dielectric anisotropy Ac of a mesomorphic compound or a liquid crystal composition 
referred to herein may be measured in the following manner. 

A 5 micron-thick homogeneous alignment cell having an electrode of 0.7 cm^ in area and a homo- 
geneous alignment layer (rubbed polyimide) on both substrates, and a 5 micron-thick homeotropic 
alignment cell having an electrode of 0.7 cm^ in area and a homeotropic alignment layer (aligning agent: 
"ODS-E" available from Chlsso K.K.) on both substrates, are provided. The respective cells are filled with a 
sample liquid crystal material (compound or composition) to prepare liquid crystal devices. The capacitan- 
ces of the liquid crystal layers are measured by applying a sine wave with a frequency of 100 KHz and 
amplitudes of ±0,5 V to the respective devices at a prescribed temperature set for the liquid crystal 
material, and the dielectric constants 4 and €_L are obtained from the measured capacitance values of the 
respective devices, whereby the dielectric anisotropy Ac is calculated by the equation of Ac = ell - cj,. 

As described hereinabove, the ferroelectric liquid crystal composition according to the present invention 
provides a liquid crystal device which shows a good switching characteristic, a wide driving voltage margin 
and a wide temperature margin so that the device shows an excellent performance of retaining good images 
in resistance to changes in environmental temperature and cell gap. Further, the liquid crystal composition 
according to the present invention further containing a mesomorphic compound having a negative dielectric 
anisotropy, provides a liquid crystal device which retains the above-mentioned characteristics and further 
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shows a remarkably improved display characteristic when used in a driving method utilizing AC stabilization. 
Claims 

Claims for th foil wing Contracting States : AT, BE, CH, DE. FR, GB, GR, IT, LI, LU, NU SE 

1. A ferroelectric chiral smectic liquid crystal composition, comprising: 

at least one optically active compound represented by the following formula (I): 



wherein Ri and Ra respectively denote a linear or branched alkyi group having 1-18 carbon atoms 
capable of having a substituent, at least one of Ri and R2 being optically active; Xi denotes -0-, 

-0C-, -co- 
ll I 

0 0 

or 



-0C0-; 

II 
0 

and Xs denotes a single tx>nd, -0-, 



-0C-, -CO- 

8 I 

0 o 



or 

-0C0-; 
II 
0 

and 

at least one compound represented by the following formula (II): 



R3-X3-«@Hm-^>-^<S>^X4-R4 (II), 

wherein R3 and R4 respectively denote a linear or branched optically inactive alkyI group having 1-18 
carbon atoms capable of having an alkoxy group of 1 - 12 carbon atoms; X3 and respectively denote 
a single bond, -0-, 
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-CO- or -0C0-; 

fl II 11 
0 0 o 

5 

and m and n are respectively 0. 1 or 2 with proviso that both of m and n are not 0. 

2. A connposition according to Claim 1, which further comprises a mesomorphic compound having a 
negative dielectric anisotropy. 

10 

3. A composition according to Claim 2, wherein said mesomorphic compound having a negative dielectric 
anisotropy has a dielectric anisotropy A€ of below -2. 

4. A composition according to Claim 3. wherein said mesomorphic compound having a negative dielectric 
75 anisotropy has a dielectric anisotropy of below -5. 

5. A composition according to Claim 4, wherein said mesomorphic compound having a negative dielectric 
anisotropy has a dielectric anisotropy At of below -10. 

20 6. A composition according to Claim 2, wherein said mesomorphic compound having a negative dielectric 
anisotropy is a mesomorphic compound represented by any of the following formulas (111-1) to (111-5); 
Formula (III-1): 



25 Ya Yb 

Ra-Xa-Aa-Xb^^-Xc-Ab-Xd-Rb , 

30 wherein Ra and Rb respectively denote a linear or branched alkyi group capable of having a 
substituent; Xa and Xd respectively denote a single bond, -0-, 

-co- or -0C-; 



35 K o 



s 



I 



Xb and Xc respectively denote a single bond. 



-CO-, -OC- 




45 or -CH2CH2-; Aa and Ab respectively denote a single bond, 

{ trans ) , 




50 ^^^y^ "^s^y^sEy <trans-trans), (trans) or 

55 with proviso that when Aa and Ab are both single bonds, Xb and Xc are both single bonds, and Xa and 
Xd are both single bonds or -0-, or Xa is 
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-CO- 

I 

O 



and Xd is 



-0C-; 

1 

O 



and Ya and Yb are respectively cyano group, halogen or hydrogen with proviso that Ya and Yb cannot 
be hydrogen simultaneously; 
Formula (III-2): 



RB-XB-ke-Xf-^yXg-Af-TOi-Rf , 
N-N 

wherein Re and Rf respectively denote a linear or branched alkyi group capable of having a substituent; 
Xe and Xh are respectively a single bond, -0-, 



-CO- or -0C-; 

I II 
0 0 

Xf and Xg are respectively 



-CO-, -oc- 

li il 

O 0 



or a single bond; and Ae and Af are respectively 



or a single bond with proviso that Ae and Af cannot be a single bond simultaneously; 
Formula (III-3): 



N-N 



Ri-Xi-Ai (^^-Xj-Aj-Xk-Rj 
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wherein Ai is a single bond or 

Aj is a single bond, 

Ri and Rj are respectively a linear or branched alkyi group capable of having a substituent with proviso 
that Ri and Rj are linear atkyi groups when Aj Is a single bond; 2i is -0- or -S-; Xi and Xk are 
respectively a single bond, -0-, 

-CO-. -OC- or -OCO-; 

fl 0 8 

0 0 0 

Xj is a single lx>nd, 

-CO 0C-, 

D B 
0 o 

-CH2O- or -OCH2 witli proviso that Xi is a single bond when Ai is a single bond, Xj is not a single bond 
when Aj is 



and Xk is a single bond when Aj is a single bond; 
Formula (III-4): 

Rl-Xl-Al-Xm-Am-^^^yS , 

wherein RI and Rm are respectively a linear or branched alkyI group capable of having a substituent; AI 
and Am are respectively a single bond, 



with proviso that AI and Am cannot be a single bond simultaneously; XI is a single bond. -0-, 

-CO- or -0C-; 

II H 

0 0 

and Xm is a single bond, 
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-CO-, -0C-, 

II II 
0 0 



-CH2O-. -OCH2-. -CH2CH2- or -CaC-: 
Formula (III-5): 



Rn-Xn-An-Xo-^^Z2-Ao-Xp-Ap-Xq-Ro, 

wherein Rn and Ro are respectively a linear or branched alkyi group capable of having a substituent; 
Xn and Xq are respectively a single bond, -0-, 



Xo and Xp are respectively a single bond 



•CO- or -0C-; 

I 
0 



-co-, -0C-, 

II II 

O 0 

-CH2O-, -OCH2- or -CH2CH2-; An and Ap are respectively a single bond, 



Ao is 



and Z2 is 



CN CN 

I I 
-CaCH- or -CH-CH2-. 



7. A liquid crystal device, comprising a pair of electrode plates and a ferroelectric liquid crystal 
composition according to any one of Claims 1 ■ 6 disposed between the electrode plates. 

Claims for the following Contracting State : ES 

1. A process for producing a ferroelectric chiral smectic liquid crystal composition by mixing at least one 
optically active compound represented by the following formula (I): 
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R,-x,-<OMO>''2-R2 



wherein Ri and R2 respectively denote a linear or branched alkyi group having 1-18 carbon atoms 
capable of having a substituent, at least one of Ri and R2 being optically active; Xi denotes -0-, 

-0C-, -co- 
ll II 
O 0 



or 



-OCO- ; 

II 
O 



and X2 denotes a single bond, -0- 



-0C-, -co- 
ll II 
o o 



or 

-OCO- ; 

II 
O 

and 

at least one connpound represented by the following formula (II): 

Wherein R3 and R* respectively denote a linear or branched optically inactive alkyI group having 1-18 
carbon atoms capable of having an alkoxy group of 1 - 12 carbon atoms; X3 and X4 respectively denote 
a single bond, -0-, 

-0C-, -CO- or -0C0-; 

II II II 
0 0 o 

and m and n are respectively 0. 1 or 2 with proviso that both of m and n are not 0. 

The process according to Claim 1, wherein a further mesomorphic compound having a negative 
dielectric anisotropy is added. 
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3. The process according to Claim 2, wherein said nnesomorphic compound having a negative dielectric 
anisotropy has a dielectric anisotropy Ac of below -2, 

4. The process according to Claim 3, wherein said mesomorphic compound having a negative dielectric 
5 anisotropy has a dielectric anisotropy At of below -5. 

5. The process according to Claim 4, wherein said mesomorphic compound having a negative dielectric 
anisotropy has a dielectric anisotropy At of below -10. 

10 6. The process according to Claim 2. wherein said mesomorphic compound having a negative dielectric 
anisotropy is a mesomorphic compound represented by any of the following formulas (III-1) to (III-5); 
Formula (III-1): 



75 



Ya Yb 

Ra-Xa-Aa-Xb-^^Xc-Ab-Xd-Rb 



20 wherein Ra and Rb respectively denote a linear or branched alkyi group capable of having a 

substltuent; Xa and Xd respectively denote a single bond, -0-, 



25 



-CO- or -OC- ; 



30 



35 



40 



45 



Xb and Xc respectively denote a single bond, 

-CO-, -OC- 

II II 

O o 

or -CH2CH2-; Aa and Ab respectively denote a single bond, 



or 



Yiry (trans), 
(trans-trans), ^(^^^"^^ (trans) 



with proviso that when Aa and Ab are both single bonds, Xb and Xc are both single bonds, and Xa and 
Xd are both single bonds or -0-. or Xa Is 



50 



-co- 
ll 

O 



56 



and Xd is 
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-0C-; 

II 
0 

and Ya and Yb are respectively cyano group, halogen or hydrogen with proviso that Ya and Yb cannot 
be hydrogen simultaneously; 
Formula (III-2): 



Re-Xe-Ae-Xf -^^y Xg-Af -Xh-Rf , 
N-N 

wherein Re and Rf respectively denote a linear or branched alkyi group capable of having a substituent; 
Xe and Xh are respectively a single bond, -0-, 



-CO- or -0C-; 

II II 

o o 

Xf and Xg are respectively 

-CO^, -OC- 

II II 

O 0 



or a single bond; and Ae and Af are respectively 



or a single bond with proviso that Ae and Af cannot be a single bond simultaneously; 
Formula (III-3): 



N-N 



Ri-Xi-Ai ]) — ^^-Xj-Aj-Xk-Rj 



wherein Ai is a single bond or 
Aj is a single bond, 
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5 Ri and Rj are respectively a linear or branched alkyi group capable of having a substituent with proviso 
that Ri and Rj are linear alkyI groups when Aj is a single bond; Zi is -0- or -S-; Xi and Xk are 
respectively a single bond, -0-, 

ro -CO-, -OC- or -0C0-; 

II II 11 

0 0 0 

Xj is a single bond, 

75 

-CO- -0C-, 

II II 

0 o 

20 

-CH2O- or -OCH2 with proviso that Xi is a single bond when Ai is a single bond, Xj is not a single bond 
when Aj is 



25 



30 



35 



40 



45 



50 



55 



and Xk is a single bond when Aj is a single bond; 
Formula (III-4): 



Rl-Xl-Al-Xm-Am-^^HyRm , 

wherein RI and Rm are respectively a linear or branched alkyI group capable of having a substituent; AI 
and Am are respectively a single bond. 



-<!> 



with proviso that AI and Am cannot be a single bond simultaneously; XI is a single bond, -0-, 

-CO- or -0C-; 

11 II 

o o 

and Xm is a single bond, 

-CO-, -0C-, 

II II 

o o 
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-CH2O-. -OCH2-. -CH2CH2- or -CoC-; 
Formula (III-5): 



wherein Rn and Ro are respectively a linear or branched alky! group capable of having a substituent: 
Xn and Xq are respectively a single bond, -0-, 

-CO- or -0C-; 

II II 
0 0 



Xo and Xp are respectively a single bond, 



-CO-, -0C-, 

11 II 
0 0 



-CH2O-, -OCH2- or -CH2CH2-; An and Ap are respectively a single bond, 



Ao is 



and Z2 is 



CN CN 



-C=CH- or -.CH-CH2-. 



7. A liquid crystal device connprising a pair of electrode plates and a ferroelectric liquid crystal composi- 
tion produced according to any one of Claims 1 - 6 disposed between the electrode plates. 

PatentansprUche 

Patentansprtiche fUr folgende Yertragsstaaten : AT, BE, OH, DE, FR, GB, GR. IT, LI, LU, NL, SE 

1. Ferroelektrlsche chirale smektische FIQssigkristallmischung, die 

mindestens eine optisch aktive Verbindung. die durch die folgende Formel (I) wiedergegeben wird: 

Ri-Xi-^><Q)-X2-R2 

worin Ri und R2 jeweils eine lineare oder verzweigte Alkylgruppe mit 1 bis 18 Kohlenstoffatomen 
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10 



75 



20 



30 



35 



bezeichnen, die einen Substituenten haben kann, wobei von Ri und R2 mindestens eine optisch aktiv 
1st; Xi -0-. 



-CO- Oder -OCO- 

i J B 
00 o 



bezeichnet und X2 eine Einfachbindung, -0-, 



-OC-, -CO- Oder -OCO- 

I - J B 

00 O 



bezeichnet, und 

mindestens eine Verbindung enthait. die durch die folgende Formel (II) wiedergegeben wird: 



worln R3 und R4 jeweils eine lineare Oder verzweigte, optisch inaktive Alkylgruppe mit 1 bis 18 
25 Kohlenstoffatomen bezeichnen, die eine Alkoxygruppe mit 1 bis 12 Kohlenstoffatomen haben kann; X3 
und X* jeweils eine Einfachbindung, -0-, 



-OC-, 

I 

O 



-CO- Oder -OCO- 

a ii 

O O 

bezeichnen und m und n unter der Bedingung, dafl m und n nicht beide 0 bedeuten, jeweils 0, 1 oder 2 
40 bedeuten. — - — - 

2. Mischung nach Anspruch 1, die femer eine mesomorphe Verbindung mit einer negativen dielektrischen 
Anisotropie enthait. 

45 3. Mischung nach Anspruch 2, bei der die mesomorphe Verbindung mit einer negativen dielektrischen 
Anisotropie eine dieiektrische Anisotropie Ae hat. die unter -2 liegt. 

4. Mischung nach Anspruch 3, bel der die mesomorphe Verbindung mit einer negativen dielektrischen 
Anisotropie eine dieiektrische Anisotropie Ac hat, die unter -5 liegt. 

50 

5. Mischung nach Anspruch 4. bei der die mesomorphe Verbindung mit einer negativen dielektrischen 
Anisotropie eine dieiektrische Anisotropie Ac hat, die unter -1 0 liegt. 

6. Mischung nach Anspruch 2, bei der die mesomorphe Verbindung mit einer negativen dielektrischen 
56 Anisotropie eine mesomorphe Verbindung ist, die durch Irgendeine der folgenden Formein (llt-1) bis (IH- 

5) wiedergegeben wird: 
Formel 
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Ya Yb 

Ra-Xa-Aa-Xb-^^-Xc-Ab-Xd-Rb , ■ 

worin Ra und Rb jeweils eine lineare Oder verzweigte Alkylgruppe bezeichnen. die einen Substituenten 
haben kann; Xa und Xd jeweils eine Einfaclibindung, -0-, 

-CO- Oder -OC- 

H K 
o o 

bezeichnen; Xb und Xc jeweils eine Einfachbindung, 

-CO-, -oc- 

H II 
o o 

Oder -CH2CH2- bezeichnen; Aa und Ab jeweils eine Einfachbindung. 

"{h)- (trans), -{h)-®- (trans-trans), 

(trans) oder 

bezeichnen. wobei vorausgesetzt ist, dafl, wenn Aa und Ab beide Einfachbindungen sind, Xb und Xc 
beide Einfachbindungen sind und Xa und Xd beide Einfachbindungen oder -0- sind oder Xa 



-CO- 

B 

o 

ist und Xd 



-OC- 
I 

o 

ist; und Ya und Yb jeweils eine Cyangruppe. Halogen oder Wasserstoff bezeichnen, wobei vorausge- 
setzt ist. da^ Ya und Yb nicht gleichzeitig Wasserstoff sein konnen; 
Forme! (III-2): 



Re-Xe-Ae-Xf -^QV-Xg-Af -Xh-Rf , 



N-N 

worin Re und Rf jeweils eine lineare oder verzweigte Alkylgruppe bezeichnen. die einen Substituenten 
haben kann; Xe und Xh jeweils eine Einfachbindung, -0-, 

-00- Oder -OC- 

I I 

o o 



137 



EP 0 356 672 B1 



bezeichnen; Xf und Xg jeweils 



-CO-, -ce- 
ll I 

o o 



Oder eine Einfachbindung bezeichnen und Ae und Af jeweils 



Oder eine Einfachbindung bezeichnen, wobei vorausgesetzt ist, 6aB Ae und Af nicht gleichzeitig eine 
Einfachbindung sein l<6nnen; 
Formel (III-3): 



Ri-Xi-Ai jl — j -A j -Xk-R j 



worin Ai eine Einfachbindung Oder 



bezeichnet; Aj eine Einfachbindung, 

-(h)- Oder 

bezeichnet; Ri und Rj jeweils eine lineare Oder verzwelgte Alkylgruppe bezeichnen, die einen Substitu- 
enten haben kann, wobei vorausgesetzt ist, 6aB Ri und Rj lineare Alkylgruppen sind, wenn Aj eine 
Einfachbindung ist; Zi -0- Oder -S- ist; Xi und Xk jeweils eine Einfachbindung. -0-, 



-CO-, -OC- Oder -OCO- 

1 D n 

0 0 o 



bezeichnen; Xj eine Einfachbindung, 



-CO-, -0C-, 

S 11 
o o 



-CH2O- Oder -OCH2- bezeichnet, wobei vorausgesetzt ist, 6aS Xi eine Einfachbindung ist, wenn Ai eine 
Einfachbindung ist, Xj keine Einfachbindung ist. wenn Aj 

Oder 
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ist, und Xk eine Einfachbindung ist. wenn Aj eine Einfachbindung ist; 
Formel (111-4): 



Rl-Xl-Al-Xm-Am-^ryRm , 



worin Rl und Rm jeweils eine lineare Oder verzweigte Alkylgruppe bezeichnen, die einen Substituenten 
haben kann; Al und Am jeweils eine Einfachbindung, 



-^)- Oder 



bezeichnen. wobei vorausgesetzt ist, da/3 Al und Ann nicht gleichzeitig eine Einfachbindung sein 
konnen; XI eine Einfachbindung, -0-, 

-CO- 

i 

o 



Oder 



-OC- 
I 

o 



bezeichnet und Xm eine Einfachbindung. 



I D 
o o 



-CH2O-. -OCH2-, -CH2CH2- Oder -OC- bezeichnet; 
Fornnel (III-5): 

worin Rn und Ro jeweils eine lineare Oder verzweigte Alkylgruppe bezeichnen, die einen Substituenten 
haben kann; Xn und Xq jeweils eine Einfachbindung, -0-, 

-CO- Oder -OC- 
O o 

bezeichnen; Xo und Xp jeweils eine Einfachbindung, 

-CO-, -OC-, 

fl I 

o o 
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bezeichnen; An und Ap jeweils eine Einfachbtndung, 
-(h)- Oder 



bezeichnen; Ao 



Oder 



ist und Z2 



CN 



CN 



-C=CH- Oder -CH-CH2- 



ist. 



7. Flussigkristallvorrichtung mit einem Paar Elelrtrodenplatten und einer ferroelektrischen FlOssigkristallml- 
scliung nach einem der AnsprUche 1 bis 6, die zwischen den Eleklrodenplatten angeordnet ist. 

Patentanspruche fUr folgenden Vertragsstaat : ES 

1. Verfahren zur Herstellung einer ferroelektrischen chiralen smektischen Flussigkristallmischung durch 
Vermischen 

mindestens einer optisch aktiven Verbindung, die durch die folgende Forme! (I) wiedergegeben wird: 



worin Ri und R2 jeweils eine lineare oder verzweigte Alkylgruppe mit 1 bis 18 Kohlenstoffatomen 
bezeichnen, die einen Substituenten haben kann, wobei von Ri und R2 mindestens eine optisch aktiv 
ist; Xi -0-. 




N 



-OC-, -co- 



Oder -OCO- 



n » 



o o 



o 



bezeichnet und X2 eine Einfachbindung, -0-, 



-0C-, -CO- 



Oder -OCO- 




O 



bezeichnet. und 

mindestens einer Verbindung, die durch die folgende Formel (II) wiedergegeben wird: 
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worin R3 und FU jeweils eine lineare oder verzweigte, optisch inaktive Alkylgruppe mit 1 bis 18 
Kohlenstoffatomen bezeichnen, die eine Alkoxygruppe mit 1 bis 12 Kohlenstoffatomen haben kann; X3 
und X4 jeweils eine Einfachbindung. -0-, 

-0C-, 
II 

o 



•CO- Oder -OCO- 

II y 

o o 

bezeichnen und m und n unter der Bedlngung, 6aB m und n nicht beide 0 bedeuten, jeweils 0, 1 oder 2 
bedeuten. ~ — - 

Verfahren nach Anspruch 1, bei dem eine weitere mesomorphe Verbindung mit einer negativen 
dielektrischen Anisotropie zugesetzt wird. 

Verfahren nach Anspruch 2, bei dem die mesomorphe Verbindung mit einer negativen dielektrischen 
Anisotropie eine dielektrische Anisotropie hat, die unter -2 liegt. 

Verfahren nach Anspruch 3, bei dem die mesomorphe Verbindung mit einer negativen dielektrischen 
Anisotropie eine dielektrische Anisotropie Ac hat, die unter -5 liegt. 

Verfahren nach Anspruch 4, bei dem die mesomorphe Verbindung mit einer negativen dielektrischen 
Anisotropie eine dielektrische Anisotropie Ac hat, die unter -10 liegt. 

Verfahren nach Anspruch 2, bei dem die mesomorphe Verbindung mit einer negativen dielektrischen 
Anisotropie eine mesomorphe Verbindung ist, die durch Irgendeine der folgenden Formein (III-1) bis (III- 
5) wiedergegeben wird: 
Formel (III-1): 

Ya Yb 

Ra-Xa-Aa-Xb^^-Xc-Ab-Xd-Rb , 

worin Ra und Rb jeweils eine lineare oder verzweigte Alkylgruppe bezeichnen, die einen Substituenten 
haben kann; Xa und Xd jeweils eine Einfachbindung, -0-, 

-CO- Oder -OC- 

B II 
o o 

bezeichnen; Xb und Xc jeweils eine Einfachbindung, 

-CO-, -OC- 

II II 

o o 
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Oder -CH2CH2- bezeichnen; Aa und Ab tails eine Einfachbindung, 



(trans), ^©^r --(^y^®^ (trans-trans), -(h)-^- 
^ (trans) oder 

bezeichnen, wobei vorausgesetzt ist. da/5, wenn Aa und Ab beide Einfachbindungen sind, Xb und Xc 
belde Einfachbindungen sind und Xa und Xd beide Einfachbindungen Oder -0- sind oder Xa 

10 

-co- 
ll 

o 

75 ist und Xd 

-oc- 

II 



ist; und Ya und Yb jeweils eine Cyangruppe. Halogen oder Wasserstoff bezeichnen, wobei vorausge- 
setzt ist, dafl Ya und Yb nicht gleichzeitig Wasserstoff sein konnen; 
Formel (III-2): 

25 , * 

Re-Xe-Ae-Xf-^Qyxg^Af-Xh-Rf , 
N-N 

30 worin Re und Rf jeweils eine lineare oder verzweigte Alkylgruppe bezeichnen, die einen Substituenten 
haben kann; Xe und Xh jeweils eine Einfachbindung, -0-, 

-CO^ Oder -OC- 

D 
o 



oc- 

I 

o 

45 Oder eine Einfachbindung bezeichnen und Ae und Af jeweils 

-Qh. -(h)- 

50 Oder eine Einfachbindung bezeichnen, wobei vorausgesetzt ist. da/3 Ae und Af nicht gleichzeitig eine 
Einfachbindung sein konnen; 
Formel (III-3): 

N-N 

Ri-Xi-Ai )|_^Q^Xj-Aj-Xk.Rj 



35 Q 



bezeichnen; Xf und Xg jeweils 

40 



-CO-, 

B 
o 
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worm Ai eine Einfachblndung Oder 



bezeichnet; Aj eine Einfachbindung, 

-{h)k Oder 

bezeichnet; Ri und Rj jewells eine lineare oder verzweigte Alkylgruppe bezeichnen, die einen Substitu- 
enten haben kann. wobel vorausgesetzt 1st, dafi Ri und Rj tineare Alkyigruppen sind. wenn Aj eine 
Einfachbindung ist; Zi -0- Oder -S- ist; Xi und Xk jeweils eine Einfachbindung, -0-. 

-CO-, -OC- Oder -OCO- 

D 11 II 
o o o 

bezeichnen; Xj eine Einfachbindung, 

-CO-, -0C-, 

II H 
o o 

-CH2O- Oder -OCH2- bezeichnet, wobei vorausgesetzt ist, da0 Xi eine Einfachbindung ist, wenn Ai eine 
Einfachbindung ist, Xj keine Einfachbindung ist, wenn Aj 



Oder 



ist, und Xk eine Einfachbindung ist, wenn Aj eine Einfachbindung ist; 
Forme! (III-4): 



Rl-Xl-Al-Xm-Am-^^iyS , 



worin RI und Rm jeweils eine lineare oder verzweigte Alkylgruppe bezeichnen. die einen Substituenten 
haben kann; AI und Am jeweils eine Einfachbindung, 



-(h)- Oder 



bezeichnen, wobei vorausgesetzt ist, dafl Ai und Am nicht gleichzeitig eine Einfachbindung sein 
konnen; XI eine Einfachbindung, -0-, 



143 



EP 0 356 672 B1 



Oder 



-CO- 

D 
o 



-oc- 

B 
o 



bezeichnet und Xm eine Einfachbindung, 



-CO-, -OC-, 

B e 

0 o 



-CH2O-. -OCH2-. -CH2CH2- Oder -CaC- bezeichnet: 
Formel (IH-5): 



|Rn-Xn-An-Xo-^^-Z2-Ao-Xp-Ap-Xq-Ro, 

worin Rn und Ro jeweils eine llneare Oder verzwelgte Alkylgruppe bezeichnen, die einen Substituenten 
haben kann; Xn und Xg jeweiis eine Einfachbindung, -0-. 



-CO- Oder -oc- 
II I 

o o 

bezeichnen; Xo und Xp jeweils eine Einfachbindung. 

-CO-, -OC-, 

I B 

O o 

-CH2O-, -OCH2- Oder -CH2CH2- bezeichnen; An und Ap jeweils eine Einfachbindung. 

-(h)- Oder 

bezeichnen; Ao 
Oder 

-®- 

ist und Z2 



144 



EP 0 356 672 B1 



CN CN 

I I 
-C=CH- Oder -CH-CH2- 

ist. 

7. Flusslgkrlstallvorrichtung mit einem Paar Elektrodenplatten und einer nach einem der Anspruche 1 bis 
6 hergestellten ferroelektrischen FlOssigkristallmischung, die zwischen den Elektrodenplatten angeord- 
net ist. 

Revendications 

Revendications pour les Etats contractants sulvants : AT, BE, CH, DE, FR, GB, GR, IT, LI, LU, NL, SE 

1. Composition de cristaux liquides smectiques chiraux ferro-electriques, comprenant : 
au molns un compost optiquement actif repr^sent^ par la formule (I) suivante : 



dans laquelle Ri et R2 designent respectivement un groupe alkyle lineaire ou ramifie ayant 1 a 18 
atomes de carbone pouvant porter un substituant, au* nr^oins Tun des groupes Ri et R2 etant 
optiquement actif ; Xi repr^sente un groupe -0-, 

-OC-, -CO- ou -oco- ; 

I 11 I 

00 o 

et X2 represente une liaison simple, un groupe -0-, 

-0C-, -CO- ou -OCO- ; 

1 D 8 
00 o 

et 

au moins un compose repr^sent^ par la formule (II) suivante : 




(II) r 



dans laquelle R3 et R4 repr6sentent respectivement un groupe alkyle Ilndaire ou ramifi^ optiquement 
inactif ayant 1 ^ 18 atomes de carbone pouvant porter un groupe alkoxy ayant 0 12 atomes de 
carbone ; X3 et repr^sentent respectivement une liaison simple, un groupe -0-, 

-OC-^ -CO- ou -OCO- ; 

D 0 D 
o 0 0 

et m et n sent respectivement 6gaux ^ 0, 1 ou 2, sous reserve que m et n ne soient pas Tun et I'autre 
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^gaux k 0. 

Composition suivant la revendicatlon 1, qui comprend en outre un compose mesomorphe ayant une 
anisotropie dl^lectrlque negative. 

Composition suivant la revendication 2, dans laquelle le compose mesomorphe ayant une anisotropie 
dielectrique negative possede une anisotropie dielectrique At inferieure a -2. 

Composition suivant la revendication 3, dans laquelle le compost mesomorphe poss^dant une 
anisotropie dielectrique negative possede une anisotropie dielectrique Ae inferieure a -5. 

Composition suivant la revendication 4, dans laquelle le compose mesomorphe ayant une anisotropie 
dielectrique negative possede une anisotropie dielectrique At inferieure h. -10. 

Composition suivant la revendication 2, dans laquelle le compose mesomorphe ayant une anisotropie 
dielectrique negative est un compose mesomorphe represent^ par Tune quelconque des formules (III-1) 
h (III-5) suivantes : 
Formule (III-1): 

Ya Yb 

Ra-Xa-Aa-Xb^^-Xc-Ab-Xd-Rb , 



dans laquelle Ra et Rb representent respectivement un groupe alkyle lineaire ou ramifie pouvant porter 
un substituant ; Xa et Xd representent respectivement une liaison simple, un groupe -0-, 

-CO- ou -OC- ; 

1 I 

O 0 

Xb et Xc representent respectivement une liaison simple, un groupe 

-CO-, -oc- 

I I 

o o 

ou -08201-12 ; Aa et Ab representent respectivement une liaison simple, un groupe 
-^^^ (trans), 

~^)~' K^XZ)" t*^"»s-trans) , (trans) ou 



sous reserve que. lorsque Aa et Ab representent I'un et I'autre une liaison simple, Xb et Xc 
representent I'un et Tautre une liaison simple, et Xa et Xd representent I'un et Tautre une liaison simple 
ou un groupe -0-, ou bien Xa represente un groupe 
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-CO- 

r. 

0 

et Xd represente un groupe 

-0C-; 

i 

et Ya et Yb repr^sentent respectivement un groupe cyano. un halogene ou I'hydrog^ne sous reserve 
que Ya et Yb ne puissent representor simultanement Thydrog^ne ; 
Fornnule (III-2) : 



Re-Xe-Ae-Xf -^^^y Xg-Af -Xh-Rf , 



dans laquelle Re et Rf representent respectivement un groupe alkyle lineaire ou rannifie capable de 
porter un substituant ; Xe et Xh representent respectivement une liaison simple, un groupe -0-, 

-co- ou -OC- ; 

i 1 
O 0 

Xf et Xg representent respectivement un groupe 



-CO-, -OC- 

n 8 

0 0 

ou une liaison simple ; et Ae et Af representent respectivement un groupe 



OU une liaison simple, sous reserve que Ae et Af ne puissent representor simultanement une liaison 
simple ; 
Formule (III-3) : 

Ri-Xi-Ai 5^"jL(g^Xj -Aj -Xk-Rj 

^1 



dans laquelle Ai represente une liaison simple ou un groupe 
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Aj represente une liaison simple, un groups 

Ri et Rj representent respectrvement un groupe alkyle lineaire ou ramifie pouvant porter un substituant, 
sous reserve que Ri et Rj representent des groupes alkyle lin^aires lorsque Aj represente une liaison 
simple ; Zi represents un groupe -0- ou -S- ; Xi et Xk representent respectivement une liaison simple, 
un groupe -0-, 

-CO-, -OC- ou -OCO- ; 

I I i 

0 0 o 

Xj represente une liaison simple, un groupe 

-CO-, -OC-, . 

I B 
o o 

-CH2O- ou -OCH2, sous reserve que Xi represente une liaison simple lorsque Ai represente une liaison 
simple, Xj ne represente pas une liaison simple lorsque Aj represente un groupe 



et Xk represente une liaison simple lorsque Aj represents une liaison simple ; 
Formule (III-4) : 



Rl-Xl-Al-Xm-Am-< H YRm , 



dans laquelle RI et Rm representent respectivsmsnt un groupe alkyle lineaire ou ramifie pouvant porter 
un substituant ; AI et Am representent respectivement 
une liaison simple, un groupe 

sous reserve que AI et Am ne puissent representor une liaison simple simultanement ; XI represente 
une liaison simple, un groupe -0-, 
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-CO- ou -OC- ; 
I I 

o o 



et Xm represente une liaison simple, un groupe 



-CO-, -OC-^ 

D I 

0 0 

-CH2O-, -OCH2-, -CH2CH2 ou -CaC- ; 
Formule (III-5) ; 

Rn-Xn-An-Xo-^Q^Zj-Ao-Xp-Ap-Xq-Ro, 

dans laquelle Rn et Ro representent respectivement un groupe alkyle lineaire ou rannifie pouvant porter 
un substituant ; Xn et Xq representent respectivement une liaison simple, un groupe -0-, 

-CO- OU -OC- ; 

i D 
o o - 



Xo et Xp representent respectivement une liaison simple, un groupe 



-CO-, -0C-, 

i s 

o o 



-CH2O-, -OCH2- ou -CH2CH2- ; An et Ap representent respectivement une liaison simple, un groupe 



ou 



Ao represents un groupe 



et Z2 represente un groupe 



CN CN 



-C=CH- ou -CH-CH2". 
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7. Dispositif a cristaux liquides, comprenant une paire de plaques servant d'electrodes et une composition 
de cristaux liquides ferro-electriques suivant Tune quelconque des revendications 1 a 6 disposee entre 
les plaques servant d'electrodes. 

5 Revendications pour I'Etat contractant suivant : E5 

1. Precede de production d'une composition de cristaux liquides smectiques chiraux ferro-electriques par 
melange 

d'au moins un compost optiquement actif repr^sent^ par ia formule (I) suivante : 



10 



15 



20 



25 



30 



35 



40 



dans iaqueile Ri et R2 d^slgnent respectivement un groupe aikyle iln^aire ou ramifie ayant 1^18 
atomes de carbone pouvant porter un substltuant, au moins i'un des groupes Ri et R2 ^tant 
optiquement actif ; Xi represente un groupe -0-, 

-0C-, -CO- ou -OCO- ; 

g I i 

00 0 

et X2 represente une iialson simple, un groupe -0-, 

-0C-, -CO- ou -OCO- ; 

1 g D 

00 O 

et 

d'au moins un compost represente par la formule (il) suivante : 



dans iaqueile R3 et representent respectivement un groupe aikyle lineaire ou ramifie optiquement 
inactif ayant 1 ^ 18 atomes de cartDone pouvant porter un groupe alkoxy ayant 1 ^ 12 atomes de 
carbone ; Xa et X4 representent respectivement une liaison simpie, un groupe 
45 -0-, 

-0C-, -CO- ou -OCO- ; 

D I D 

50 000 

et m et n sont respectivement egaux Si 0, 1 ou 2, sous reserve que m et n ne soient pas Tun et i'autre 
egaux ^ 0, 

55 2. Procede suivant la revendication 1 , dans lequel un compost mesomorplie suppl^mentaire ayant une 
anisotropie dielectrique negative est ajoute. 
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Procede suivant la revendication 2, dans lequel le compose m^somorphe ayant une anisotropie 
dielectrique negative poss^de une anisotropie dielectrique Ac tnfeneure h -2. 

Proc^d^ suivant la revendication 3, dans lequel le compost m^somorphe ayant une anisotropie 
dielectrique negative possede une anisotropie dielectrique At inferieure a -5. 

Procede suivant la revendication 4, dans lequel le connpose mesonnorphe ayant une anisotropie 
dielectrique negative possede une anisotropie dielectrique Af Inferieure ^ -10. 

Procede suivant la revendication 2, dans lequel le compose mesomorphe ayant une anisotropie 
dielectrique negative est un compose mesomorphe represents par Tune quelconque des formules (IIM) 
a (III-5) suivantes : 
Formule (111-1) : 



Ya Yb 

Ra-Xa-Aa-Xb-^^-Xc-Ab-Xd-Rb 



dans laquelle Ra et Rb reprSsentent respectivement un groupe alkyle lineaire ou ramifie pouvant porter 
un substituant ; Xa et Xd representent respectivement une liaison simple, un groupe -0-, 

-CO- ou -OC- ; 

I I 

O 0 

Xb et Xc representent respectivement une liaison simple, un groupe 

-CO-, -oc- 

8 I 

0 0 

ou -CH2CH2-; Aa et Ab representent respectivement une liaison simple, un groupe 
-^H^ (trans), 

-(h){h)- (trans-trans), -(^y^ ^^^^"^^ 

sous reserve que, lorsque Aa et Ab representent Tun et Tautre une liaison simple, Xb et Xc 
representent I'un et I'autre une liaison simple, et Xa et Xd representent Tun et I'autre une liaison simple 
ou un groupe -0-, ou bien Xa represente un groupe 

-CO- 

I 

0 

et Xd represente un groupe 
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-OC- ; 
I 

O 

et Ya et Yb representent respectivement un groupe cyano, un halogene ou rhydrogene, sous reserve 
que Ya et Yb ne puissent repr^senter simultan^ment Thydrogdne ; 
Formule (UI-2) : 



Re-Xe-Ae-Xf -^QVxg-Af -Xh-Rf , 
N-N 



dans laquelle Re et Rf representent respectivement un groupe alkyle lin^aire ou ramlfi^ capable de 
porter un substituant ; Xe et Xh representent respectivement une liaison simple, un groupe -0-. 

-CO- ou -OC- ; 
1 I 

o o 

Xf et Xg representent respectivement un groupe 

-CO-, -oc- 

I I 

o o 

ou une liaison simple ; et Ae et Af representent respectivement un groupe 



ou une liaison simple, sous reserve que Ae et Af ne puissent representor slmultan^ment une liaison 
simple ; 
Formule (III-3) : 



Ri-Xi«Ai \) — (jO)-^3-A3-^^-^3 



•1 

dans laquelle Al represente une liaison simple ou un groupe 
Aj represente une liaison simple, un groupe 
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Rl et Rj representent respectlvement un groupe alkyle lin^aire ou ramifl4 pouvant porter un substltuant, 
sous reserve que Rl et Rj representent des groupes alkyle lineaires lorsque Aj represente une liaison 
simple ; Zi represente un groupe -0- ou -S- ; Xi et Xk representent respectlvement une liaison simple, 
un groupe -0-, 

-CO-, -OC- ou -OCO- ; 

i I g 

0 0 o 

Xj represente une liaison simple, un groupe 

-CO-, -0C-, 

8 g 

o o 

-CH2O- ou -OCH2, sous reserve que Xi represente une liaison simple lorsque Ai represente une liaison 
simple, Xj ne represente pas une liaison simple lorsque Aj represente un groupe 

et Xk represente une liaison simple lorsque Aj represente une liaison simple ; 
Formule (III-4) : 



Rl-Xl-Al-Xm-AmyiyR^ , 



dans laquelle Rl et Rm representent respectlvement un groupe alkyle lineaire ou ramifle pouvant porter 
un substltuant ; AI et Am representent respectlvement une liaison simple, un groupe 

-(h)- ou 

sous reserve que Al et Am ne puissent repr^senter simultan^ment une liaison simple ; XI represente 
une liaison simple, un groupe -0-, 

-CO- OU -OC- ; 

D R 
o 0 

et Xm represente une liaison simple, un groupe 
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-CO-, -0C-, 

I g 

0 o 

-CH2O-. -OCH2-, -CH2CH2- ou -C=C- : Formule (III-5) ; 

Rn-Xn-An-Xo-^;|^-Z2-Ao-Xp-Ap-Xq-Ro, 

dans laquelle Rn et Ro representent respectivement un groups alkyle lineaire ou ramifte pouvant porter 
un substituant ; Xn et Xq representent respectivement une liaison simple, un groupe -0-, 

-CO- OU -OC- ; 

i 1 
O 0 

Xo et Xp representent respectivement une liaison simple, un groupe 

-CO-, -0C-, 

1 I 

o o 

"CH2O-, -OCH2- ou -CH2CH2- ; An et Ap representent respectivement une liaison simple, un groupe 
ou 



Ao repr^sente un groupe 



^ ou ^ ; 

et Z2 repr^sente un groupe 

CN CN 

I I 

-C=CH- ou -CH-CH2-. 



DIspositif h cristaux liquides. comprenant une paire de plaques servant d'^lectrodes et une composition 
de cristaux liquides ferro-electriques produite suivant Tune quelconque des revendlcatlons 1 h 6 
disposee entre les plaques servant d'electrodes. 
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53 DATA ELECTRODES 
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